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LETTER   OF   TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington^  D.  C,  March  5 ^  1904, 
Sir:  I  have  the  honor  to  transmit  for  publication  as  a  Water-Supply 
and  Irrigation  Paper  a  manuscript  entitled  "Contributions  to  the 
Hydrology  of  Eastern  United  States,  1903."  It  constitutes  a  sta- 
tistical progress  report  covering  hydrologic  work  done  in  eastern 
United  States  during  the  year  indicated.  The  report  contains  a  list 
of  such  publications  of  the  Survey  as  relate  to  hydrology,*  an  account 
of  the  work  of  the  eastern  section  of  the  division  of  hydrology  for 
1903,  and  twenty-seven  contributions,  by  twenty-three  geologists,  pre- 
senting extended  notes  on  the  wells,  springs,  and  general  water 
resources  of  seventeen  States.  The  information  included  in  the  notes 
and  tables  was  collected  by  the  local  geologists  in  charge  of  the  work 
in  the  separate  States,  but  the  actual  work  of  compilation  and  prepa- 
ration of  the  material  for  publication  devolved  mainly  upon  Mr.  M.  L. 
Fuller. 

The  object  of  the  report  is  to  put  on  record  the  large  amount  of  mis- 
cellaneous information  which  was  accumulated  in  1903  from  localities 
not  under  special  investigation,  and  which  is  not  likely  to  be  incor- 
porated in  other  reports,  and  to  make  it  immediately  available  to  well 
and  spring  owners,  drillers,  scientific  investigators,  and  the  public  at 
large. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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CONTRIBUTIONS  TO  THE  HYDROLOGY  OF  EASTERN 

UNITED  STATES,  1908. 


INTRODUCTION. 


Bv  M.  L.  Fuller. 


\ 


The  object  of  this  paper,  which  is  the  first  of  a  series  of  progress 
reports  covering  the  work  of  the  division  of  hydrology  of  the  Uniteil 
States  Geological  Survey,  is  to  present  (1)  a  list  of  Survey  publications 
relating  to  underground  waters,  (2)  a  summary  of  the  work  of  the 
eastern  se<;tion  of  the  division  of  hydrology  for  1903,  and  (3)  miscel- 
laneous data,  largely  of  a  statistical  nature,  which  were  gathered  from 
scattered  localities  not  under  special  investigation  and  which  would 
not  be  made  available  by  other  reports.  This  information  has  been 
collected  by  the  considerable  number  of  local  geologists  in  charge 
of  work  in  the  separate  States  and  is  presented  largely  in  form  of 
tables.  Twenty-seven  contributions  from  23  geologists,  embracing 
extended  statistics  in  regard  to  the  wells,  springs,  or  general  water 
resources  of  17  States,  are  included  in  the  report. 

PUBL.ICAT10N8  OF    THE    UNITED    SIATES    (;EC)r.l>GlC:AI^ 

SURVEY. 

The  results  of  the  work  of  the  Survey  on  underground  waters  and 
springs  are  published  in  a  number  of  different  forms,  which  are  briefly' 
described  in  the  following  paragraphs.  Complete  lists  of  Surve}^ 
publications,  with  prices  of  such  of  them  as  are  for  sale,  can  be 
obtained  on  application  to  the  Director. 

1.  Papere  and  reports  accompanying  the  Annual  Report  of  the 
Director.  Prior  to  1902  many  reports  relating  to  underground  waters 
were  published  in  the  royal  octavo  cloth-bound  volumes,  which  accom- 
panied the  annual  report.s  of  the  Director.  This  form  of  publication 
for  scientific  papers  has  been  discontinued  and  a  n<^w  series,  known  as 
Professional  Papers,  has  been  substituted. 

1.  UuUetins.  The  bulletins  of  the  Survey  comprise  a  series  of  paper- 
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coveriMl  octavo  volumes  whicli  in  general  contain  a  single  report  or 
paper.  These  ])ulletins  formerly  sold  at  nominal  prices,  but  are  now 
distributed  free  of  charge  to  those  int^^rested  in  the  special  subject 
discussed.  This  form  of  publication  is  used  for  presenting  informa- 
tion relating  to  underground  waters  when  the  hydrologic  descriptions 
are  accompanied  by  extended  topographic  or  geologic  discussions. 
Before  the  inauguration  of  the  Water-Supply  and  Irrigation  series  of 
papers  the  bulletins  were  the  form  of  publication  for  all  shorter  papers 
related  to  water  supplies.  Their  small  size  precludes  the  use  of  large 
maps  or  plates,  and  reports  requiring  large  illustrations  are,  there- 
fore, issued  in  a  series  of  Professional  Papers. 

3.  Professional  Papera.  "J'his  series,  paper  covered,  but  quarto  in 
size,  is  intended  to  include  such  papers  as  require  large  maps  or  other 
illustrations.  Their  publication  was  l>egun  in  1902,  and  they  are  dis- 
tributed in  the  same  manner  as  the  bulletins. 

4.  Monographs.  This  series  consists  of  cloth-bound  quarto  volumes 
and  is  designed  to  include  exhaustive  treatises  on  any  subject  com- 
ing within  the  province  of  the  Sui-vey.  As  yet  no  paper  relating  to 
water  supply  in  any  of  its  forms  has  been  published  as  a  monograph. 
The  volumes  of  this  series  are  sold  at  cost  of  publication. 

5.  (Tcologie  Folios.  Tender  the  plan  adopted  for  the  preparation  of 
a  geologic;  map  of  the  United  States  the  entire  area  is  divided  into 
small  quadrangl(\s,  bounded  b}'  certain  meridians  and  parallels,  and 
these  quadrangles,  which  number  several  thousand,  are  separately 
surveyed  and  mapped.  The  description  of  each  quadrangle  is  issued 
in  the  form  of  a  folio  as  the  survey  is  finished.  When  the  series 
is  complete  the  folios  will  constitute  a  Geologic  Athis  of  the  United 
States.  Copies  of  the  folios,  like  the  preceding  publications,  are  sent 
to  a  large  number  of  public  institutions  and  libraries.  Those  remain- 
ing are  sold  at  25  cents  each,  except  such  as  contain  an  unusual 
amount  of  matter,  which  are  priced  accordingly.  Many  of  the  folios 
contain  special  descriptions  and  elaborate  maps  showing  the  occur- 
rence of  underground  waters. 

7.  Reports  on  Mineral  Resources.  The  reiK)rts  of  this  series  are 
cloth-bound  octavo  volumes,  published  annually,  giving  statistical 
summaries  of  the  output  of  the  various  mineral  products,  including 
mineral  waters  and  brines.  They  were  issued  as  a  distinct  series  from 
1882  to  1893.  They  were  then  made  a  part  of  the  Annual  Report  until 
1900,  when  their  separate  publication  was  resumed.  The  volumes  of 
the  earlier  series  were  generally  sold  at  about  50  cents,  but  the  later 
ones  are  for  free  distribution. 

8.  Water-Supply  and  Irrigation  Papers.  These  are  of  octavo  size, 
and  are  published  in  red  paper  covers.  They  are  distributed  gratu- 
itously. As  the  name  indicates,  only  papers  relating  to  investigations 
and  problems  of  water  8Ui)plies  in  their  various  forms  are  published  in 


ilamation  Service  Reports.  Tliese  reports  are  octavo  volumes, 
Q  light  olive  green,  and  issued  annually.  They  cover  the 
ing  and  construction  work  relating  to  projects  for  reclaiming 

public  lands.     In  the  single  report  issued  (1902)  nothing 
to  underground  waters  is  given, 
ition  to  the  various  series  of  reports  mentioned  the  Survey 

large  number  of  topographic  and  other  maps,  on  some  of 
»rings  are  shown,  as  well  as  sinks  resulting  from  subterranean 
t.     Lists  of  the  maps  may  be  had  on  application. 

NATIONS    REIiATING    TO    UNDERGROUND    WATERS 

AND  SPRINGS. 

PAPERS  IN  ANNUAL  REPORTS. 

site  and  qualifying  conditions  of  artesian  wells,  by  T.  C.  Chamberlin: 

Ann.  Rept.,  1883-84,  pp.  125-173,  1  pi. 

1  of  travertine  and  siliceous  sinter  by  the  vegetation  of  hot  springs,  by 

.  Weed:  Ninth  Ann.  Rept.,  1887-88,  pp.  613-676, 10  pis. 

>le  waters  of  eastern  United  States,  by  W  J  McGee:  Fourteenth  Ann. 

,  1892-93,  pt.  2,  pp.  1-47. 

aineral  waters  of  the  United  States,  by  A.  0.  Peale:  Fourteenth  Ann. 

,  1892-93,  pt.  2,  pp.  49-88. 

ources  of  a  portion  of  the  Great  Plains,  by  Robert  Hay:  Sixteenth  Ann. 

,  1894-95,  pt.  2,  pp.  535-588,  3  pis. 

rground  water  of  the  Arkansas  Valley  in  eastern  Colorado,  by  G.  K. 

rt:  Seventeenth  Ann.  Rept.,  1895-96,  pt.  2,  pp.  551-601, 15  pis. 

ry  report  on  artesian  waters  of  a  portion  of  the  Dakotas,  by  N.  H. 

n:  Seventeenth  Ann.  Rept.,  1895-96,  pt.  2,  pp.  603-694,  39  pis. 

:  resources  of  Illinois,  by  Frank  Leverett:  Seventeenth  Ann.  Rept.,  pt.  2, 

15-849, 11  pis. 

>f  the  Edwards  Plateau  and  Rio  Grande  Plain  adiacent  to  Austin  and 
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Theoretical  investigation  of  the  motion  of  ground  waters.  )»y  (J.  S.  Slichter:  Nine- 
teenth Ann.  Kept.,  1897-98,  pt.  2,  pp.  295-384.  1  pi. 

The  rock  waters  of  Ohio,  by  Edward  Orton:  Nineteenth  Ann.  Kept.,  1897-9H,  i»t. 
4,  pp.  633-717,  3  pis. 

Preliminaiy  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the 
one  hundred  and  third  meridian,  by  N.  H.  Darton:  Nineteenth  Ann.  Rept.. 
1897-98,  pt.  4,  pp.  719-785,  45  pis. 

Preliminary  description  of  th?  geology  and  water  resources  of  the  southern  half 
of  the  Black  Hills  and  the  adjoining  regions  in  South  Dakota  and  Wyoming, 
by  N.  H.  Darton:  Twenty-first  Ann.  Rept. ,  1899-1900,  pt.  4,  pp.  489-590,  55  pb. 

The  High  Plains  and  their  utilization,  by  W.  D.  Johnson:  Twenty-first  Ann.  Rept, 
1899-1900,  pt.  4,  pp.  eOl-741,  44  pis.,  and  Twenty-second  Ann  Rept..  1901-2, 
pt.  4,  pp.  631-669,  15  pis. 

(Geography  and  geology  of  the  Black  and  Grand  Prairies,  Texas,  with  detailed 
descriptions  of  the  Cretaceous  formations  and  special  reference  to  artesian 
waters,  by  R.  T.  Hill:  Twenty-first  Ann.  Rept. ,  1899-1900,  pt.  7,  pp.  666,  71  pis. 

Mineral  waters,  by  A.  C.  Peale:  Sixteenth  Ann.  Rept.,  1894-95,  pt.  4,  pp.  707-721; 
Seventeenth  Ann.  Rept.,  1895-96,  pt.  3  (continued),  pp.  1025-1044;  Eighteenth 
Ann.  Rept.,  1896-97,  pt.  5  (continued),  pp.  1369-1389;  Nineteenth  Ann.  Rept, 
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OF  THE  EASTERN  SECTION. 


By  M.  L.  Fuller. 


J 

The  division  of  hydrology  is  next  to  the  youngest  of  the  divisions  of 
the  (ieologieal  Survey,  having  been  organized  as  a  part  of  the  hydro- 
graphic  branch  in  January,  1903.  Its  work  deals  with  underground 
Graters,  or  those  found  beneath  the  surface  of  the  earth,  in  the  same 
manner  that  the  work  of  the  division  of  hydrography  deals  with  sur- 
face waters,  the  aim  being  to  obtain  and  publish  for  the  benefit  of  the 
people  information  relating  to  the  occurrence,  movements,  methods  of 
obtaining,  and  uses  of  artesian  and  other  underground  waters,  includ- 
ing those  reaching  the  surface  both  as  wells  and  as  springs. 

EARI.Y  HYBROIiOGIC  WORK. 

In  the  earlier  years  of  the  Survey,  from  1879  to  1888,  no  special 
provision  was  made  for  the  study  of  waters,  either  surface  or  under- 
ground, but  a  considerable  amount  of  information  was  nevertheless 
gathered  in   connection   with  the  investigation   of  other  problems. 
Two  special  reports,  one  by  Prof.  T.  C.  Cham])erlin  on  the  condition 
of  artesian  wells  and  another  by  Mr.  W.  II.  Weed  on  the  hot-spring 
deposits  of  the  Yellowstone  National  Park,  were  pu])lished  in  the 
fifth  and  ninth  annual  reports,  respectively. 

In  1888  a  resolution  was  passed  by  Congress  authorizing  the  investi- 
gation of  the  water  resources  of  those  parts  of  the  arid  lands  where 
jffigation  was  carried  on.  Appropriations  amounting  to  S35(),000 
^ere  made  in  1888  and  1889  for  the  purpose,  but  in  the  latter  year 
the  act  was  repealed.  During  the  interval,  however,  a  large  amount 
<>f  work  was  done.  This  related  mainly  to  surface  waters,  but  many 
^acts  l>earing  on  underground  waters  were  obtained.  Reports  on 
irrigation  appeared  in  the  tenth,  eleventh,  twelfth,  and  thirteenth 
annual  reports,  while  pai)ers  on  j)ota]^le  waters  by  W  J  MeOee  and 
on  natural  mineral  waters  by  A.  C.  Peale  appeared  in  the  fourteenth 
Import. 

In  1894  provision  was  again  made  by  Congress  for  the  study  of  the 
Water  resources  of  the  country,  authority  and  allotments  being  given 
for  determining  the  water  supply  of  the  United  States  and  the  inves- 
tigation of  underground  currents  and  deep  wells.     The  hydrograi)hic 

15 


.'% 


16  HYDROLCKJY    OF    KASTKKN    UNITED    STATES,   1«03.  fxo.  lOt 

branch  was  orj^aiiizecl  to  (MUKluet  the  investigation  of  lK)th  surface  and 
underground  waters,  and,  in  addition  to  making  studies  of  streams, 
reservoirs,  and  irrigation  systems,  lias  systematically  collected  and 
published  information  reflating  to  artesian  and  other  deep  wells. 
Besides  those  relating  to  surface  waters,  reports  dealing  with  the 
underground  wat(M-  rt^sourees  of  the  Arkansas  Valley,  the  Edwards 
Plateau,  the  Dakotas,  Nebraska,  Illinois,  Indiana,  Ohio,  and  the 
States  of  the  Atlantic  coast  from  New  York  to  Georgia  have  l)een 
issued. 

^      ORGAXIZATIOX  OF  TIIK  T>IV1S10N'  OF  llYI>ROTX>OY. 
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In  the  last  few  years  the  rapid  development  of  many  areas  in  the 
West  through  the  use  of  underground  water  for  irrigation,  the  appli- 
cation of  well  waters  to  the  irrigation  of  rice  in  the  Southern  States, 
and  the  ever-gn) wing  import-iince  of  undergnmnd  waters  as  sourcesof 
public  water  supplies  havt^  led  to  a  gi'eat  increase  in  the  work  involved 
in  this  investigation.  In  order  to  satisfactorily  meet  the  new  demands 
and  to  develoi),  specialize,  and  systemize  the  work,  the  investigations 
relating  to  underground  waters  were  segregated  from  the  division  of 
hydrography  and  placed  in  charge  of  a  distinct  organization  known  as 
the  division  of  hydrogeology  or  hydi*ology.  This  division  is  divided 
into  two  se(^tions,  eastern  and  western,  the  tirst  embracing  the  States 
east  of  the  Mississippi  and  those  bordering  that  river  on  the  west,  and 
the  second  including  the  ix»maining,  or  the  so-called  reclamation 
States  and  Territories  and  Texas.  The  two  sections  have  been  placed 
in  charge  of  geologists,  Mr.  N.  II.  Darton  acting  as  chief  of  the  west- 
ern section  and  the  writer  as  chief  of  the  eastern. 

WORK  OF  TIIK  DIVISION  OF  llY'DROIiOGY, 

The  work  of  the  division  includes  the  gathering,  tiling,  and  publi- 
cation of  statistical  informaticm  relating  to  the  occurrence  of  wat4>^rin 
artesian  and  other  deep  wells;  the  gathering  and  x>ublication  of  data 
pertaining  to  springs;  the  investigati(m  of  the  geologic  occurrence, 
from  both  stratigraphic  and  structural  standpoints,  of  underground 
waters  and  springs;  a  study  of  the  laws  governing  the  occurrence  and 
flow  of  subterranean  waters  and  springs,  including  the  investigation 
of  variations  due  to  tidal,  temperature,  and  barometric  fluctuations; 
direct  measurements  of  rate  of  underflow;  detailed  surveys  of  regions 
in  which  water  pro])lems  are  of  great  importance  and  urgency,  and 
the  publication  of  reports  on  irrigation,  (»ity  water  supplies,  and  other 
important  uses  of  underground  waters. 

To  serve  as  a  basis  in  outlining  plans  for  field  work  it  was  found 
desirable  to  undertake  a  preliminary  correspondence  by  means  of 
printed  requests  for  the  addresses  of  drillers,  well  owners,  spring 
owners,  etc.,  and  for  information  relating  to  town  water  supplies. 
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wells,  and  spring.  The  blank  requests  for  addresses  are  first  sent  to 
postmasters,  and  to  the  addresses  thus  obtained  the  special  blanks 
are  then  sent.  The  same  system  is  also  used  in  ^atherin^  informa- 
tion from  scattered  points  which  it  is  impracticable  to  visit  on  account 
of  expense.  The  information  thus  obtained  has  been  found  to  be  of 
great  value  and  assistance  in  carrying  out  the  work  of  the  division. 
The  data  are  filed  in  card  catalogues  on  printed  record  cards  of  three 
types,  designed  respectively  for  information  relating  to  city  or  town 
water  supplies,  deep  wells,  and  springs.  The  cards  are  so  arranged 
that  they  can  be  submitted  directly  to  the  printer  as  copy  for  tabular 
reports.  Plans  have  been  made  whereby  bibliographies  covering 
hydrography  and  hydrology,  similar  to  those  which  have  proved  of  so 
much  value  to  geologists,  will  be  prepared  annually.  Arrangements 
have  also  l)een  made  for  cooperation  of  lK)th  geologists  and  topog- 
raphers in  furnishing  information  of  new  water  developments  and 
such  facts  relating  to  the  occurrence  of  underground  waters  as  come 
to  their  attention. 

FIEIiD  WORK  OF  EASTERN  HECTION  OF  JIYDllOIiOGY. 

Under  the  direction  of  the  chief  hydrographer,  tlio  writer  took 
charge  of  the  work  of  this  section  on  January  1,  IIKKJ.  At  that  date 
the  only  work  relating  to  underground  waters  under  way  in  the 
area  covered  by  the  section  was  that  conducted  by  Mr.  A.  V.  Veatch 
In  Louisiana  and  Arkansas  and  by  Mr.  L.  C.  Johnson  in  Mississippi. 
Immediately  on  assuming  charge,  the  writ<n-  entered  into  communi- 
cation, either  by  personal  conference  or  by  correspondence,  with  State 
or  other  geologists  throughout  the  section,  and  preliminary  arrange- 
ments were  made  for  beginning  work  in  twenty-one  States,  viz,  Maine, 
New  Hampshire,  Vermont,  Massacliusetts,  Rhode  Island,  Connecticut, 
New^  York,  New  Jersey,  Georgia,  Florida,  Minnesota,  Michigan,  Wis- 
consin, Iowa,  Missouri,  Arkansas,  Kentucky,  Tennessee,  Louisiana, 
Mississippi,  and  Alabama.  The  immediate  preparation  of  detailed 
reports  was  arranged  for  in  Minnesota  and  Louisiana. 

WORK    BY    STATKS. 

Maine. — The  principal  work  in  this  State  has  been  placed  in  charge 
of  Prof.  W.  S.  Bayley,  assistant  geologist,  assisted  by  Messrs.  W.  C'. 
Washburn  and  L.  G.  Lord.  The  work  consists  of  the  collection  of 
data  bearing  on  the  character  of  the  town  and  domestic  water  sup- 
plies of  the  various  geologic  or  topographic  subdivisions  of  the  State, 
and  includes  the  investigation  of  the  age,  structure,  an<l  relation  of 
the  rocks  to  the  underground  waters. 

In  addition  to  the  work  of  Professor  Hay  ley,  ^Vlr.  G.  ().  Smith,  geolo- 
gist, is  investigating  in  detail  the  water  problems  of  the  l>lue   Hill 
region,  on  the  coast. 
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New  Hampshire, — Mr.  J.  M.  Boutwell,  assistant  geologist,  has  been 
put  in  charge  of  the  work  relating  to  the  springs  and  underground 
waters  of  New  Hampshire.  Several  problems  of  consequence,  includ- 
ing the  important  one  of  supplies  for  summer  residents  along  the 
coast,  are  being  investigated. 

Vemumt. — Prof.  Greorge  H.  Perkins,  State  geologist,  is  working  on 
problems  relating  to  the  occurrence,  composition,  uses,  and  value  of 
underground  waters  and  springs. 

Massachxiseiis  and  Rhode  Island, — This  district  is  in  charge  of 
Prof.  W.  O.  Crosby,  who,  with  his  assistants,  are  engaged  in  the  study 
of  its  underground  water  resources. 

Connecticut, — The  work  in  Connecticut  is  in  charge  of  Prof.  II.  E. 
Gregory,  who  has  conducted  both  field  and  office  investigations  relat- 
ing to  the  wells  and  springs  of  the  State. 

New  York, — The  work  in  New  York  includes  two  distinct  lines  ol 
investigation :  ( 1 )  The  investigation  of  the  geology  and  water  resource! 
of  Long  Island,  and  (2)  tlie  investigation  of  the  spring  waters  of  thi 
State.  The  investigation  of  Long  Island  includes  (a)  geologic  inves 
tigations,  in  charge  of  the  writer  and  Messi*s.  A.  C.  Veatch  and  Arthui 
Hollick;  (6)  water-supply  investigation,  including  the  examinatioi 
and  correlation  of  borings,  and  the  measurement  of  the  rate  of  under 
flow,  in  charge  of  A.  C.  Veatch  and  Charles  S.  Slichter,  and  (c)  labo 
ratory  investigation  of  the  boring  samples,  in  charge  of  Prof.  W.  O 
Crosby.  The  work  on  springs  was  placed  in  charge  of  Mr.  F.  B 
Weeks,  who  visited  and  examined  the  leading  localities  throughoui 
the  entire  State  with  a  view  of  reporting  on  the  occurrence,  composi 
tion,  and  uses  of  the  waters. 

New  Jersey, — A  plan  of  cooperation  has  been  arranged  with  Dr.  H 
B.  Kiimmel,  State  geologist,  whereby  Mr.  G.  N.  Knapp  will  complete 
the  field  work  on  underground  waters  at  the  expense  of  the  State  sur 
vey  and  then  prepare  a  detailed  report  at  the  expense  of  the  Nationa 
Survey.  Mr.  Knapp  spent  several  months  in  the  field  during  th( 
year  in  pursuance  of  this  plan. 

Oeorgia, — The  work  in  Georgia  consists  of  bringing  up  to  date  the 
information  relating  to  artesian  wells,  of  the  investigation  of  the  com 
position  of  the  waters,  the  study  of  the  important  springs  of  the  State 
the  study  of  the  uses  of  the  underground  water  i^esources,  and  tli< 
determination  of  the  prospects  in  untried  areas.  The  work  was  place< 
in  charge  of  Mr.  S.  W.  MeCallie,  assistant  State  geologist,  who  ha 
already  completed  the  field  studies. 

Florida. — The  writer  has  personally  retained  charge  of  the  worl 
in  this  State,  and  has  accumulated  considerable  information  pertaininj 
to  the  underground  waters  and  springs. 

Minnesota, — In  connection  with  liis  work  for  the  University  of  Min 
nesota  and  for  the  State  geological  survey.  Prof.  C.  W.  Hall  is  pre 
paring  for  this  Bui^eau  a  report  on  the  surface  and  underground  wale 
resources  of  the  State. 
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Wiscansin. — ^The  investigations  in  this  State  are  under  the  direc- 
tion of  Mr.  A.  R.  Shultz,  and  include  a  systematic  field  examination 
of  the  artesian  areas,  the  areas  of  deep  but  non  flowing  rock  wells, 
and  the  areas  of  drift  wells,  and  a  study  of  the  springs  of  the  State. 
The  upper  peninsula  of  Michigan  and  northeastern  Illinois  will  also 
be  covered  by  Mr.  Shultz. 

Michigan. — ^The  work  in  this  State  includes, the  systematic  collec- 
tion of  data  relating  to  deep  wells  and  springs.  The  investigations 
are  in  charge  of  Mr.  W.  F.  Cooper,  under  the  general  supervision  of 
Dr.  A.  C.  Lane,  State  geologist. 

lo'itm, — The  investigation  of  underground  waters  in  this  State  was 
placed  in  charge  of  Prof.  W.  H.  Norton,  who  has  had  long  experience 
in  this  line  of  work  for  the  State  survey.  Much  information,  includ- 
ing data  relating  to  the  location,  size,  and  depth  of  the  wells,  strata 
penetrated,  water-bearing  horizons,  volume,  composition,  head,  and 
uses  of  the  water,  etc.,  was  obtained.  Temperature,  interference  of 
wells,  diminution  of  the  deep  flows,  phenomena  of  the  artesian  wells 
of  the  drift,  and  the  numerous  common  wells  and  springs  will  also 
receive  attention. 

Missouri, — Prof.  E.  M.  Shepard,  who  was  placed  in  charge  of  the 
work  in  this  State,  has  conducted  a  number  of  field  examinations  in 
important  artesian  and  spring  districts,  and  has  begun  a  detailed  field 
study  of  spring  and  underground  water  problems.  The  results  so  far 
accomplished  include  (1)  the  discovery  of  new  artesian  areas  and  (2) 
the  discovery  of  a  definite  relation  between  ore  horizons  and  springs 
in  the  southwestern  portion  of  the  State.  Promising  investigations 
are  under  way  upon  (1)  the  relative  temperatures  of  cavern  and  sur- 
face springs  at  similiar  horizons,  (2)  the  fixing  of  the  horizons  of 
water-bearing  beds,  (3)  the  remarkable  development  of  caves  and 
sinks  by  underground  drainage,  (4)  surface  modifications  due  to 
underground  drainage,  (5)  the  origin  of  the  sulphosaline  waters  of 
northern  Missouri,  (6)  the  quantitative  determination  of  the  more 
deleterious  constituents  of  the  waters,  (7)  the  general  origin,  flow, 
and  temperatures  of  underground  waters,  and  (8)  their  economic 
uses. 

Arkansas. — The  work  upon  the  geology  of  northern  Louisiana  and 
southern  Arkansas,  with  special  reference  to  its  relations  to  under- 
ground water  resources,  was  placed  in  charge  of  Mr.  A.  C.  Veatch. 
The  work  involved  a  careful  study  of  the  stratigrai)hy  of  the  region, 
the  collection  of  about  1,200  well  records,  and  the  running  of  about 
100  miles  of  levels  connecting  the  wells  with  surveys  and  railroad 
levels  and  furnishing  data  for  dip  calculations.  This  work  has  thrown 
much  light  on  the  structure  of  the  region,  has  det^^rniincMl  the  dips  of 
the  water-bearing  beds,  and  has  developed  many  new  joints  of  eco- 
nomic interest  in  connection  with  the  water  supply. 

For  the  study  of  the  area  north  of  the  Arkansas  River  the  services 
of  Prof.  A.  II.  Purdue  have  been  secured.     Besides  gathering  data 
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on  the  Paleozoic  area,  Professor  Purdue  has  done  field  work  along  the 
Tertiary-Paleozoic  contact  from  Little  Rock  northeastward  to  the 
borders  of  the  State  with  the  view  of  mapping  the  contact,  determin- 
ing the  nature  of  the  Tertiary  overlap,  fixing  the  horizons  of  the 
water-bearing  beds,  outlining  the  catchment  area,  and  investigating 
the  economic  possibilities  of  the  water  supplies.  It  is  expected  that 
the  work  will  be  of  value  in  determining  the  most  available  water 
horizons  for  towns  and  cities,  and  will  hasten  the  use  of  underground 
waters  for  the  irrigation  of  rice  and  the  possible  development  of  its 
culture  into  an  important  industry. 

Louisicma, — The  work  of  Mr.  A.  C.  Veatch  in  this  State  has  been 
mentioned  under  "Arkansas."  In  addition  to  this  work  important 
investigations  relating  to  underground  waters  have  been  made  bj 
Prof.  G.  D.  Harris,  State  geologist,  who  has  prepared  a  report  on  th< 
underground  water  supplies  of  the  southern  portion  of  the  State. 

Kentucky  and  Tennessee. — The  work  in  these  States  was  placed  ii 
charge  of  Dr.  L.  C.  Glenn,  who  has  conducted  field  work  in  the  poi 
tions  of  the  Mississippi  embay ment  area  covered  by  them.  The  invee 
tigations  will  include  a  systematic  study  of  the  stratigraphy  an< 
structure  of  the  Tertiary  rocks,  their  relations  to  the  adjoining  Paleo 
zoic  rocks,  and  a  detailed  investigation  of  the  water  problems,  includ 
ing  the  determination  of  water  horizons,  catchment  areas,  and  th 
amount,  quality,  and  uses  of  the  underground  waters. 

Alabama  and  Mississippi. — Dr.  E.  A.  Smith,  State  geologist  of  Ala 
bama,  who  was  already  in  charge  of  work  in  these  States,  was  cod 
tinned  in  charge  on  the  organization  of  the  eastern  section.  Docto 
Smith  was  assisted  by  Mr.  L.  C.  Johnson  in  Mississippi  and  by  Messrs 
J.  A.  Anderson,  R.  S.  Hodges,  and  B.  F.  Lovelace,  members  of  th 
State  survey,  in  Alabama.  A  report  embodying  the  known  fact 
relating  to  the  underground  water  resources  of  Alabama  has  bee: 
prepared. 

Special  attention  was  given  to  the  tracing  of  the  "  Huhrstone"  foi 
mation  and  other  horizon  markers  and  to  the  unraveling  of  the  stra 
tigraphy  of  the  two  States,  including  the  determination  of  the  positio: 
of  the  Grand  Gulf  formation.  The  stratigraphic  position  of  the  prin 
cipal  water-bearing  formations  has  been  fixed  and  their  areas  detei 
mined  as  far  as  possible.  The  depth  at  which  water  may  be  reach© 
in  northeastern  Mississippi  along  the  ''  Buhrstone  "  outcrop  and  in  th 
Mississippi  Delta  and  coast  regions  can  now  be  predicted  with  refl 
sonable  accuracy.  The  systematic  chemical  examination  of  th 
waters  of  the  springs  and  artesian  and  other  deep  wells  has  resulted  i 
bringing  to  notice  a  number  of  important  mineral  waters  and  th 
beginning  of  a  bottling  industry. 


NOTES    ON    THE  WELLS,   SPRINGS,   AND   GENERAL   WATER 
RESOURCES  OF  CERTAIN  EASTERN  AND  CENTRAL  STATES. 

M.  L.  Fuller,  (4eologi8t  in  Charge. 


ESTTRODTTOTION. 


By  M.  L.  Fuller. 


METHODS  OF  WORK. 

Collection  of  data, — Ah  has  been  stated  on  a  previous  page,  a  corre- 
spondence hy  means  of  written  or  printed  letters  was  undertaken 
immediately  upon  the  organization  of  the  division  of  hydrology,  with 
the  view  of  obtaining  information  to  serve  as  a  basis  in  outlining 
plans  for  field  work.  This  inquiry  was  begun  in  17  States — namely, 
Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island, 
Connecticut,  New  York,  Greorgia,  Florida,  Alabama,  Mississippi,  Ten- 
nessee, Kentucky,  Arkansas,  Missouri,  Minnesota,  and  Michigan — the 
correspondence  being  conducted  by  the  geologists  in  charge  of  the 
work  in  the  respective  States.  The  plan  was  to  send  to  each  post- 
master in  the  States  mentioned  a  series  of  questions  relating  U:>  the 
general  water  resources  of  his  town  or  village,  together  with  a  request 
for  the  names  of  well  and  spring  owners  and  of  drillei's.  An  unex- 
pectedly large  number  of  answers  were  received,  especially  from  Ver- 
mont, Georgia,  and  Florida,  where  it  has  been  possible  to  give  fairly 
complet-e  data  relating  to  the  water  resources  of  at  least  the  important 
towns.  To  the  persons  whose  addresses  were  obtained  from  the  i)ost- 
masters  and  to  other  persons  blanks  requesting  specific  information 
relating  to  individual  wells  and  springs  were  sent.  The  replies,  while 
incomplete  in  a  given  area,  were  sufficient  in  number  to  afford  general 
information  as  to  the  spring  and  underground  water  conditions.  In 
several  States,  as  in  Georgia,  Alabama,  and  Minnesota,  the  informa- 
tion had  been  largely  collected  in  previous  years,  but  this  was  supple- 
mented and  brought  more  nearly  up  to  date  by  the  methods  outlined 
above.  In  most  States  field  trips  were  made  to  important  districts  for 
the  purpose  of  obtaining  additional  data. 

Preparation  of  data. — The  material  as  received  was  in  the  form  of 
letters  or  of  printed  forms,  of  which  there  were  many  thousands. 
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From  these  the  portions  that  were  of  interest  or  value  were  selected 
for  piiblici)>tion.  The  preliininar}'  compilation  was  done  by  the  local 
geologists  in  charge  of  the  work  in  Maine,  Vermont,  Massachusetts, 
Rhode  Island,  New  York,  and  Georgia,  but  the  preparation  of  the 
material  for  publication  devolved  on  the  writer.  In  New  Hampshire, 
Connecticut,  Florida,  Alabama,  Tennessee,  Kentucky,  Arkansas, 
Missouri,  Minnesota,  and  Michigan  the  entire  work  of  compilation 
and  preparation  for  publication  fell  to  the  writer. 

Pre^enUition  of  data. — While  the  object  of  the  correspondence  was 
to  secure  data  to  serve  as  a  basis  for  future  investigations,  the  result- 
ing material,  by  showing  the  general  character  of  the  water  resources 
and  by  presenting  the  details  of  location  and  characteristics  of  typ- 
ical individual  wells  and  springs,  appeared  to  warrant  its  being  pat 
on  record  and  made  available  to  drillers,  well  and  spring  owners,  and 
others  interested  in  the  economic  or  scientific  problems  relating  to 
water  resources.  It  did  not  appear  desirable  to  discuss  the  material, 
and  it  has  therefore  been  condensed  into  the  smallest  possible  space, 
mainly  in  the  form  of  tables.  In  these  tables  the  general  water 
resources  of  more  than  800  localities,  the  recoinis  of  2,750  wells,  and 
information  relating  to  more  than  1,100  springs  are  given. 

ECONOMIC  VAL.uk  OF  RECORDS. 

General  wafer  resources. — Throughout  many  parts  of  the  South 
systematic  efforts  are  made  by  railroads  and  by  various  improvement 
associations,  promoters,  etc.,  to  encourage  the  settling  of  vacant 
lands.  To  those  contemplating  removing  to  such  lands  information 
concerning  the  water  supply  is  of  the  greatest  importance,  and  this 
information  the  railroads  and  most  improvement  associations  honestly 
endeavor  to  furnish.  In  some  instances,  however,  promoters,  in  order 
to  sell  land,  have  misrepresented  the  conditions,  especially  those  relat- 
ing to  the  quantity  and  quality  of  the  water  supplies.  The  tables  of 
water  resources  of  Georgia  which  are  presented  herewith  should  afford 
to  prospective  settlers  the  information  needed.  The  facts  given  are 
those  supplied  by  local  authorities,  and  therefore  represent  the  con- 
ditions as  impressed  upon  the  residents  themselves  and  as  they  are 
likely  to  be  impressed  upon  new  residents. 

The  tables  relating  to  the  Northern  States  show  the  extent  to  which 
the  individual  types  of  supply — including  springs,  wells,  lakes,  and 
streams — are  utilized,  and  indicate  the  most  satisfactory  sources  of 
water.  They  should  be  of  value  in  assisting  those  who  desire  to  pro- 
cure new  supplies  to  determine  the  source  to  be  sought. 

Scientifically  the  water-resource  records  throw  light  on  the  general 
problems  of  occurrence  of  the  various  types  of  water  supply,  the 
investigation  of  which  is  doing  much  on  the  one  hand  to  develop  cer- 
tain regions  and  on  the  other  to  prevent  much  useless  expenditure  in 
unpromising  districts. 
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Well  rPcjjrcUi. — Well  records  should  be  of  interest  to  well  owners 
because  of  the  fact  that  they  show  the  results  obtained  by  others. 
In  niany  regions  the  conditions  are  fairly  constant,  and  a  knowledge 
of  them  as  brought  out  by  records  of  adjacent  wells  affords  a  check 
on  the  drillers'  statements  as  to  the  depth  of  water  horizons,  depth  to 
rock,  amount  of  casing,  etc.,  all  of  which  are  sometimes  misstated  in 
cases  where  the  contracts  have  been  let  for  a  specified  sum  per  foot. 
They  also  afford  a  basis  of  comparison  as  to  conditions  with  more 
successful  or  with  less  successful  wells  of  the  locality,  and  frequently 
give  a  clue  to  the  cause  of  failure  or  of  variations  from  the  normal 
wells. 

To  the  prospective  owner  well  records  are  of  special  interest,  for 
by  showing  the  results  obtained  by  others  they  afford  a  means  of  esti- 
mating the  depth  to  which  a  new  well  must  be  sunk,  the  materials 
which  it  will  penetrate,  the  quantity  and  quality  of  water  which  it 
will  obtain,  the  height  to  which  the  water  will  rise,  and  the  purposes 
to  which  it  is  adapted. 

The  records  present  to  the  driller  a  comprehensive  summary  of  the 
results  of  a  large  number  of  borings,  giving  the  locations,  the  quan- 
tity and  quality  of  water  obtained,  and  the  relative  proportion  of 
hard  and  soft  materials  encountered,  as  shown  by  the  depth  to  rock 
or  by  the  length  of  casing.  From  these  the  driller  can  in  some 
instances  determine  the  probabilities  of  success  and  will  be  able  to 
judge  of  the  relative  advisability  of  contracting  to  secure  a  specified 
supply  or  of  arranging  to  drill  by  the  foot.  In  many  instances  the 
data  will  be  sufficient  for  the  purposes  of  preliminary  estimates.  If 
further  information  is  nei^ded  the  owners  of  the  wells,  as  shown  by 
the  tables,  can  be  applied  to. 

The  value  of  goo<l  water  in  manufacturing  industries  is  very  great, 
especially  in  towns  where  tiiere  is  no  public  supply  or  where  the  pub- 
lic supply  is  of  poor  quality  or  excessive  cost.  In  some  instanct\s  it 
is  the  quantit}^  in  others  the  quality,  and  in  still  others  the  tempera- 
ture which  is  the  all-importiint  factor.  All  of  the^4e  are  in  large 
measure  dependent  upon  geologic  conditions,  and  in  many  instances, 
as  in  the  East  Longmeadow  wells,  Massachusetts  (pages  112  to  115),  a 
few  wells  serve  as  a  type — in  this  instance,  of  the  water  of  tlu'  Triassic 
sandstones — from  which  predictions  (*au  be  drawn. 

Many  of  the  mineral  waters  used  for  bathing  or  pla<*ed  on  the  mar- 
ket as  medicinal  waters  are  derived  from  deep  wells,  and  in  a  num- 
ber of  instances  the  "springs"  about  which  largo  resorts  havc^  been 
built  are  in  i-eality  simply  wells  jielding  water  notable*  either  for  its 
purity  or  for  its  mineral  qualities.  The  characters  of  composition, 
the  quantity,  and  the  temperature  of  many  such  wells  are  given  in 
the  laldes,  affording  a  basis  for  comparison  with  newer  mineral  wells 
and  for  the  determination  of  the  value  of  the  latt<»r. 

It  is,  perhaps,  from  the  scientifi**   investigation   of  the  data,  liow- 
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ever,  IUhI  the  most  ultimat^i  good  is  derived,  as  it  is  from  the  study 
of  the  records  and  the  local  geology  that  the  broad  eouditions  of 
underground  waters  can  be  understood  and  predictions  made  as  to 
quality  and  quantity  of  waters  over  large  areas. 

Sjyrings. — Except  in  the  case  of  brines,  springs  constitute  the  main 
source  of  commercial  mineral  waters  of  the  United  States.  They  form 
the  chief  attraction  of  many  of  the  largest  and  most  popular  summer 
and  winter  res  >rts  and  of  numerous  sanitariums  throughout  the  coun- 
try in  the  development  of  which  many  millions  have  been  expended. 
In  the  manufacturing  industries  of  many  towns,  especially  in  cream- 
eries, spring  wat^^rs  are  highly  desirable.  Their  use  as  sources  of 
public  water  supplies  in  villages  and  small  t^owns  is  also  of  great 
importances  It  is  in  their  use  as  private  supplies  of  rural  districts, 
however,  where  they  are  use<l  by  thousands  of  families,  that  their 
maximum  vahn*  is  reached.  In  the  tables  are  given  detailed  info^ 
mat  ion  relating  to  the  chara(*ter  of  the  spri'ngs  and  their  uses,  as  out- 
lined al)ove.  Many  undeveloped  springs  of  large  volume  or  spriugs 
of  mineral  waters  are  mentioned,  some  of  which  are  equal  to  those  of 
many  of  the  well-known  resorts  of  this  country  and  of  Eyrope. 

Aftalyscs. — The  value  of  the  potable  waters  of  the  United  States  in 
1902  was  nearl}'  $9,000,01)0,  but  this  sum  is  but  an  insignificant  por- 
tion of  the  total  value  of  waters  used  for  railroad,  manufacturing, 
and  other  industrial  purpos<»s.  In  almost  all  cases  the  composition  of 
the  water  is  a  prominent  factor  in  its  use,  and  analyses  are  frequently 
necessary  to  determine  it^s  adaptability  to  the  uses  pmposed.  From 
chemical  analyses  the  chemical  and  m(»dicinal  qualities  and  the 
behavior  of  tbe  wati^r  when  used  in  boilers  or  industrial  processes  can 
bo  determined,  whih^  sanitary  analyses  show  its  nature  as  I'egards 
organic  impurities,  pollution,  etc.,  and  its  value  as  a  safe  drinking 
water.  The  analyses  are  also  of  especial  interest  as  affording  a  basis 
of  comparison  with  nativ<»  and  foreign  waters. 

KXPJ.AXATJOX  OK  TAIU.KS. 

IVdff't'  reason rres  of  f')ir US. — The  nature  of  tlu^  material  in  the  water- 
resource  tables  is  dependent  somewhat  on  the  completeness  of  the 
data  received.  In  Vermont  only  the  larger  cities  and  villages  are 
represented;  in  Georgia  many  of  the  smaller  villages  are  included, 
while  in  Minnesota  the  tables  embrac<^  a  large  number  of  even  the 
smaller  settlement's. 

IVclLs  and  springs  rfjfrrsrnUd. — In  general  only  the  deeper  wells 
are  given  in  the  tables.  Those  of  the  shallower  tyi)e  are  practically 
innumerable,  and  as  they  are  locat^^d  almost  everywhere  and  as  their 
supplies,  except  in  a  few  regions,  are  limited,  they  present  few  prob- 
lems or  features  of  interest  and  are  of  slight  significance.  Deep  wells, 
on  the  other  hand,  are  more  localized  in  their  distribution,  procure  on 
the  average  larger  supplies,  frequently  flow  without  pumping,  and 
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Figures  6-4,  etc.,  in  '^  Diameter  of  well  *'  column  indicate  that  the  well  startel 
with  the  larger  diameter,  but  was  afterwards  reduced  to  the  suudler. 

An  asterisk  (*)  indicates  that  further  information  is  given  in  a  note  at  the  eni 
of  the  tiible. 

1-0  means  water  rises  to  mouth  of  well  and  runs  over. 

—0  means  water  rises  to  mouth  of  well  but  does  not  run  over. 

'     ®^      Vwater  rises  a  few  or  several  feet  alx)ve  mouth  (curb)  of  well. 


-fSeveralJ 


EQUIVALENTS  IN  ANALYSIS, 


In  analyses  of  waters  the  following  o<][uivalents  apply: 

1  grain  per  gallon  (United  States  gallon  understood)  =17.188  parts  per  millioLJ 
1  grain  per  imperial  gallon  =  14.285  parts  per  million. 
1  imrt  per  million  =  .0583  grains  per  United  States  gallon. 
1  i^art  per  million  =  .07  grains  i)er  imperial  gallon. 


MAINE. 


By  W.  S.  Bayley. 


The  State  of  Maine  is  very  thinly  populated,  and  for  this  reason 
he  lakes  and  streams,  of  which  there  are  a  great  numl)er,  have  been 
1  general  uncontaminated,  even  in  the  more  thickly  settled  regions. 
Tie  construction  of  manufacturing  establishments  of  different  types 
nd  the  concentration  of  the  population  into  towns  along  the  rivers 
ave,  however,  led  to  more  or  less  pollution  in  recent  years.  As  a 
:>n8equence  the  rivers  have  in  some  instances  been  abandoned  as 
>urce8  of  supply,  and  springs  and  lakes  have  been  i:esorted  to.  In 
>me  localities,  as  on  the  smaller  islands  along  tlie  coast,  lakes  are 
bsent  and  springs  are  of  relatively  rare  occurrence.  In  such  locations 
^ells  have  been  sunk  in  many  places,  and  have  frequently  been 
necessful. 

The  wells  of  Maine  can  be  divided  into  two  main  classes — (1)  drift 
^ells,  or  those  dug,  driven,  or  l)ored  in  the  unconsolidated  surface 
Qaaterials  of  glacial  origin,  and  (2)  rock  wells,  or  those  obtaining  sup- 
plies from  consolidated  rocks.  The  surface  material  over  a  large  part 
^f  the  State  is  drift,  and  it  often  reaches  a  considerable  thickness. 
?or  this  reason  the  drift  wells  are  by  far  the  most  common  type.  The 
Irift  varies  from  a  compact  clayey  till,  known  as  hard  pan,  to  IkkIs  of 
oarse  sands  and  gravels.  In  the  till  the  water  occurs  in  relatively 
mall  amounts,  and  is  commonly  found  only  along  certain  ilelinite 
nes  or  channels.  Hence  its  occurrence  is  difficult  to  predict.  The 
ravels  and  sands,  on  the  other  hand,  are  in  many  instances  satu- 
Ited  throughout  their  lower  portions,  and  wells  ordinarily  obtain 
itisfactory  supplies.  The  beds  of  sand  and  gravel,  however,  are  not 
dually  of  great  lateral  extent,  and  the  sources  of  wat;<M*  are  generally 
•cal.  Along  the  rivera,  clays  with  iuterlxMlded  layers  of  sand  or 
ravel,  sometimes  containing  considerable  water,  are  freciuently 
>und,  but  the  water  is  not  likely  to  ])e  so  good  as  that  derived  from 
he  thic'ker  sand  and  gravel  deposits. 

Rock  wells  are  resorted  to  (I)  where  the  till  is  compact  and  con- 
li^ins  verj'  little  water,  (2)  when^  the  rock  is  at  or  very  near  tlui  sur- 
jjjce,  and  (3)  where  the  surface  waters  are  liable  to  contamination. 
Pock  wells  aiTi  common  along  the  shores  and  on  Uw-  small  islands  of 

1  27 
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Um*  coiiHt  hihI  in  tin*  hirp^r  <*i1i<»8.  Rock  Wi?lls,  however,  have  often 
!>eeii  drilled  in  oilier  localities.  The  aiiiounts and  quality  of  the  water 
of  tlicBo  wellw,  altliough  frequently  entirely  satisfactory,  are  in  gen- 
eral uncertain.  In  8(*veral  localities  flowing  water  has  been  obtained. 
The  following  tables  show  the  more  important  wells  which  have 
l)een  rei)ort<5d  to  the  United  States  Geological  Survey  during  the  year 
1903.  In  general  only  those  with  a  depth  of  more  than  60  feet  are 
given,  although  occrasionally  a  well  less  than  50  feet  in  depth,  whick 
for  Home  Hpecrial  reason  is  of  interest,  has  been  included. 
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NOTES  ON  WELLS  OF  MAINE. 

No.  1 .  Water  surface  does  not  vary  with  season.  Water  struck  also  at  30  feet 
Used  for  domestic  purposes. 

No.  2.  Elevation  above  sea  about  112  feet.  Water  level  varies  between  —  3  feet 
and  -  - 15  feet.    Well  not  now  used. 

No.  3.  This  well  is  situated  700  yards  from  Poland  Spring.  Water  surface  does 
not  vary  with  season.  Flows  a  constant  three-fourths  inch  stream  from  bottom 
of  cellar.  Formerly  sold  under  name  of  "Apollo  Water.'*  Analysis  reported  by 
owner  (analyst  unknown): 

AmilyHiH  of  "  Apollo  Water ^'*  Poland^  Ms. 

[PiirtH  iwr  million.] 

SiOa - 18.13 

Ca 19.00 

Mg --- 2.32 

Fe - 51 

Na _ 7.87 


K 


.51 


SO, - - _ 13.34 

CO3    .- _ 36.10 

LiO _ ...Trace, 

Organic  matter _ 00 


Tottd.- 97.68 

No.  4.  Depth  of  watt^r  decreases  in  summer.     Used  for  general  farm  purpose*. 

No.  5.  Watt^r  found  in  limestone.     Well  dug  9  feet,  drilled  61  feet.     Utifced 
f<jr  ,sa*neral  farm  purposes. 

No.  6.  Elevation  above  sea.  about  82  feet.    In  spring  and  fall  water  reaches 
nearly  to  surface.     Used  for  domestic  purposes. 

No.  7.  Always  plenty  of  water.     Used  in  house  and  bam. 

No.  8.  Wat^r  surface  does  not  vary  with  seast^n.     Water  found  also  at  35  feet 
in  gravel.     Used  for  dome.stic  pur|H)ses  and  for  stoc^k. 

No.  9.  Water  surf  ace  varies  \vith  season.     Temperature,  44".    Supply  unlimiteck 
Used  ill  liDUst*  and  l>arn. 

No.  10.  Used  for  domestic  purposes. 

No.  11.  Used  for  domestic  purposes. 

No.  12.  Water  surface  at  top  of  well  in  rainy  .^eason.     Temperature,  4V\    Vf^ 
for  dome8ti(;  purposes  and  for  stock. 

No.  13.  Water  surface  varies  slightly  with  season.     Water  struck  also  at  ^^ 
feet.     Used  in  house  and  for  stock. 

No.  14.  Well  in  hard  blue  rock  to  73  feet,  then  soft  for  10  feet,  and  again  i**^ 
lK)tt<)m  was  hard.     Wat^^r  obtained  in  soft  layer.     Used  for  d(^mesti(*.  purposes. 

No.  15.  Well  supplies  enougli  water  for  20  families.     It  is  use<l  for  domestic 
puri'osc^s. 

Nr>.  H\.  Two  sources  of  wat(»r  struck,  one  at      14  feet,  the  other  near  bottoilJ 
of  well.    Supplies  water  for  80  head  of  cattle. 

No.  17.  Water  struck  also  at  l'5  feet. 

No.  Ifii,  Used  for  dcmiestic  purposes. 

No.  19.  Water  surface  does  not  vary  with  season.     Used  for  domestic  supply- 
No.  20.  Elevation  above  sea.,  485  feet.     Water  surface  varies  l)etween  —  30  feetJ 
and  surface  jiccording  to  season.    Water  struck  at   -  30  feet,      90  feet,  and  —  IW 
feet.     Used  for  supplying  railroad  tank.     Well  in  vertical  limestone  beds. 
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Levation  above  sea,  100  feet.    Used  for  domestic  purposes. 

''ater  surface  does  not  vary  with  season.    Water  struck  also  at  20  feet. 

e,  50"*.    Used  for  general  farm  purposes. 

''ater  surface  does  not  vary  with  season.    Used  in  house  and  barn. 

''ell  located  in  stream  bed.    Dug  8  feet,  drilled  132  feet.    Water  in 

late.    Used  in  manufacture  of  potato  starch. 

^ater  surface  depressed  in  dry  weather.    Used  in  house  and  bam. 

''ater  surface  varies  with  season.    Well  in  limestone.    Used  in  house 

Bed  for  domestic  purposes. 

^ater  surface  varies  with  season.  Water  struck  at  25  feet  and  50  feet, 
feet,  drilled  28  feet.  Used  for  domestic  purposes, 
►me  water  obtained  at  depth  of  40  feet.  Depth  of  water  does  not 
perature,  40".  Used  for  general  farm  purposes. 
>me  water  obtained  at  depth  of  15  feet.  Depth  of  water  varies  with 
nperature,  42**.  Fills  slowly  in  dry  season  after  being  emptied.  Used 
'arm  purposes. 

ttle  water  obtained  at  depth  of  20  feet.    Depth  of  water  varies  with 
nperature,  44''.    Supplies  house  and  stock  bams, 
ig  7  feet,  drilled  110  feet.    Used  for  domestic  purposes, 
ater  f oxmd  also  at  other  depths.    Well  in  limestone.    Used  for  general 
;es. 

sed  for  general  farm  purposes. 

3pth  of  water  varies  between  90  and  130  feet.    Well  in  calcareous 
for  general  farm  puri)oses.    Elevation  about  1,000  feet, 
ell  in  limestone.     Used  for  general  farm  purposes, 
sed  for  domestic  purposes  and  for  irrigation. 

ater  surface  does  not  vary  with  season.  Used  for  domestic  purposes, 
'ater  surface  varies  with  season.  Temi)erature,  45°.  Supplies  two 
)ams. 

evation  above  sea,  100  feet.  Used  for  domestic  purposes.  Well  was 
epth.  Because  of  insufficient  yield,  it  was  drilled  to  301  feet,  with 
ipply. 

evation  above  sea,  70  feet.     Temperature.  48  \     Strata  encountered: 
»1  and  sand,  12  feet  fine  sand,  10  feet  hard  sandstone,  76  feet  ledge, 
evation  above  sea,  20  feet.     Water  struck  also  at  50  feet, 
evation  above  sea,  alx)ut  55  feet.     Used  for  domestic  i)urposes.     In 
)rincii)al  head,  a  minor  one  was  struck  at  35  feet, 
evation  above  sea,  50  feet.     Water  struck  also  at  15  feet.    Supplies 
stock,  and  canning  factory  during  four  months. 

evation  al)Ove  sea,  about  100  feet.  Water  surfivce  does  not  vary  with 
nperature,  40 \    Not  used  now. 

evation  above  sea,  540  feet.     Water  used  only  for  irrigation,  in  small 
Strata  encountered:  13  feet  soil,  (>  feet  rock,  6  feet  "mongrel "  rcxik, 
1  granite, 
r'idently  this  well  is  dug  to  rock  and  drille<l  into  ledge.     Not  used  at 

evation  alx)ve  sea,  87  feet.  Two  water-bearing  beds,  one  yielding  7 
minute,  the  other  13  gallons.  Used  for  domestic  purposes.  Well 
^t,  drilled  405  feet.  Strativ  penetratiMl:  24  feet  coarse  glacial  gravel, 
bowlder  clay  containing  fossils,  remainder  rock.  Analysis  reported 
nalyst  unknown) : 
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Analysis  of  water  from  well  at  Portland^  3fe. 

[Partn  per  million.l 

Silica - V x*.20 

Ferrous  carbonate  -    .- ..- 5.80 

Calcinm  carbonate 88.17 

Magnesium  carbonate _ .  15.89 

Sodium  chloride 7.181 

Sodium  sulphate  ..  - . : 9.90 

Sodium  carbonate .  . 74.88 

Potassium  carbonate. .   19.0(1 

Loss  and  organic  matter 51 

Total..-- 176.48 

No.  55.  Well  situated  in  block  bounded  by  Munjoy,  Wilson,  and  Beckett  streeti. 
Elevation  above  sea,  127  feet.  Water  struck  also  at  70  feet.  Used  in  factory. 
Strata  encountered:  Gravel  14  feet»  clay  65  feet,  clay  and  gravel  18  feet,  clay  58 
feet,  slate  61  feet,  granite  88i  feet. 

No.  56.  Situated  at  rear  of  No.  18  Preble  street.  Elevation  above  sea,  about  75 
feet.  Several  water-bearing  beds  were  encountered  in  drilling.  When  a  second 
well  was  drilled  at  a  distance  of  600  feet  water  in  this  well  was  depressed  3  feet 
Water  used  in  dyehouse,  but  can  not  be  used  for  boilers. 

No.  57.  Elevation  above  sea,  about  60  feet.    Used  for  domestic  purposes. 

No.  58.  Elevation  above  sea,  25  feet.  Water  struck  at  three  other  depths.  Used 
for  domestic  purposes. 

No.  59.  Elevation  above  low  water,  60  feet.    Situated  at  Fort  McKinley. 

No.  60.  Elevation  above  low  water,  62  feet.  Situated  at  Fort  McKinley.  Not 
now  used. 

No.  61.  Elevation  above  low  water,  575  feet.  Well  through  slate  dipping 
steeply.^   Situated  at  Fort  McKinley. 

No.  62.  Elevation  above  sea,  about  30  feet.  Temperature,  50"  (?).  Used  for 
domestic  purposes  and  to  supply  steam  boiler. 

No.  63.  Elevation  above  sea,  35  feet.  Water  struck  at  three  other  depths 
Used  for  domestic  purposes. 

No.  64.  Elevation  above  sea,  114  feet.  Water  level  varies:  sometimes  reaches 
surface.  Water  came  from  jsortion  of  rock  full  of  fissures.  Used  in  Y.  M.  C.  A. 
building. 

No.  65.  Elevation  above  sea,  70  feet.  Struck  salt  water  at  bottom  and  well  was 
then  abandoned. 

No.  66.  Water  surface  varies  with  season.    Supplies  house  and  stable. 

No.  67.  Used  for  domestic  puri)oses. 

No.  68.  Water  found  also  at  50  feet.     Used  in  house  and  stable. 

No.  69.  Used  for  farm  purposes. 

No.  70.  Elevation  above  sea,  30  feet.  Wat?r  surface  d')es  not  vary  with  season. 
Water  found  also  at  20  feet  and  40  feet.  Used  for  domestic  purposes  and  for 
steam  boiler. 

No.  71 .  Elevation  above  sea,  about  100  feet.  Water  struck  also  at  20  feet.  Used 
for  domestic  purposes. 

No.  72.  Elevation  above  sea,  130  feet.    Supplies  village.    Temperature.  43**. 

No.  73.  Not  yet  used. 

No.  74.  Elevation  above  sea,  about  60  feet.  Water  surface  does  not  vary  with 
season.    Water  struck  also  at  40  feet.    Supplies  milk  farm. 

No.  74a.  Elevation  above  sea,  20  feet.  Water  surface  varies  with  season.  Tern- 
perature,  48".    Supplied  four  cottages.     Well  now  abandoned. 
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No.  75.  Elevation  above  sea,  aboat  75  feet.  Water  surface  rises  in  wet  weather. 
Jaed  for  domestic  purposes.  Well  500  feet  northwest  from  this  is  60  feet  deep, 
irith  source  of  water  at  bottom.    Water  surface,  —18  feet. 

Ko.  76.  Elevation  above  sea,  about  50  feet.  Water  surface  does  not  vary  with 
teaaon.    Used  for  domestic  purposes. 

No.  77.  Elevation  about  15  feet  above  sea.  Situated  20  feet  from  siiore  of 
frenchman  ^y.  Well  flows  in  wet  weather.  Supplies  hotel,  fish  market,  2 
livery  stables,  and  18  cottages.    Well  was  an  old  silver  mine,  operated  about  1880. 

No.  78.  Elevation  above  sea,  60  feet.  Water  surface  does  not  vary  with  sea- 
Km.    Supplies  4  families  and  4  head  stock. 

No.  79.  Elevation  above  sea,  193  feet.  Temperature,  47°.  Water  surface  does 
lot  vary  with  season.  Water  struck  also  at  85  feet.  Supplied  numbers  of  cot- 
ages.    Not  now  used. 

No.  80.  Elevation  above  sea,  75  feet.  Depth  of  water  does  not  vary.  Tem- 
leratore,  44-45\     Water  struck  also  at  33  feet  and  44  feet.    Used  for  stock. 

No.  81.  lUevation  above  sea,  90  feet.  Temperature,  53".  Used  in  house  and 
table. 

No.  82.  Elevation  above  sea,  18  feet.  Depth  of  water  does  not  vary.  Tem- 
lerature,  48**.  Can  pump  out;  water  returns  at  rate  of  2  feet  6  inches  per  minute. 
Jsed  for  domestic  purposes. 

No.  83.  Elevation  above  sea,  40  feet.  -Supplies  15  to  20  families  and  is  used  for 
«ratering  lawns,  etc.  The  town  drilled  a  well  200  feet,  finding  an  abundance  of 
pood  water;  well  not  now  used,  however. 

No.  84.  Elevation  above  sea,  20  feet.  Water  surface  does  not  vary  with  season. 
remx>erature,  47\  Some  water  struck  also  at  35  feet.  Used  in  Ocean  View  House. 
^Iso  sold  to  neighbors  in  dry  season. 

No.  85.  Elevation  above  sea,  45  feet.  Water  surface  varies  with  season. 
Declared  by  driller  to  be  surface  water.    Used  for  domestic  purposes. 

No.  86.  EHevation  above  sea,  185  feet.  Water  surface  does  not  vary  with  season. 
Temperature,  48".    Intended  to  be  used  as  village  supply. 

No.  87.  Elevation  above  sea,  30  feet.    Water  surface  does  not  vary  with  season. 
Temperature,  49**.    Struck  water  also  at  20  feet  and  60  feet.    Used  for  domestic 

purposes. 
No.  88.  Not  used  now. 
No.  89.  Elevation  above  sea,  163  feet.    Depth  of  water  does  not  vary,    Temx)er- 

itwe,  47"*.    Supplies  village.    Water  in  coarse  gray  granite. 
No.  90.  Elevation  above  sea,  163  feet.     Depth  of  water  does  not  vary.    Temper- 

itnre  at  top,  44^.    Supplies  village.     Connected  with  well  No.  1  at  depth  of  95 

to,  and  both  are  pumi)ed  by  30-foot  windmill  and  a  gasoline  engine.     Well  situ- 
ated 36  feet  southwest  of  No.  1 . 
,      No.  91.  Greenings  Island  is  a  small  island  lying  betweon  Northeast  Harbor  and 

Soutliwest  Harbor  and  about  3,000  feet  from  Mount  Desert  Island.    Elevation 

*bove  sea,  about  25  feet.    Depth  of  water  does  not  vary.    Used  for  domestic  pur- 
poses and  watering  lawns  and  gardens. 
I     No.  92.  Elevation  above  sea.  15  feet.    Water  surface  does  not  vary  with  season. 
'  Water  struck  also  at  30  feet.    Temperature ,  44  .    Supplies  5  cottages  and  laundries, 
'  *nd  nsed  for  sprinkling  golf  links. 

No.  92a.  Elevation  above  sea,  about  350  feet.     Water  surface  low  in  summer. 
:  Well  overflows  in  rainy  weather.    Supplies  greenhouses  and  garden.    Drilled  all 

the  way  in  granite. 
No.  93.  Used  for  domestic  purjwses. 
No.  94.  Elevation  above  sea,  25  feet.    Water  surface  does  not  vary  with  season. 

!'  T^Diperature,  48^.    After  pumping  down,  well  fills  again  in  thirty  minutes.     Used 
^  botLse  a!id  on  stock  farm. 
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No.  95.  Elevation  above  sea,  35  feet.  Water  surface  does  not  vary  with  seasoiL 
Temperature,  48°.    Used  in  house  and  on  stock  farm. 

No.  96.  Temperature,  45**.  Used  for  domestic  ptupoees.  Water  struck  also  lA 
—20  feet. 

No.  97.  Has  yielded  1 ,000  gallons  in  twelve  hours.    Used  for  domestic  purpoeei. 

No.  98.  Elevation  about  40  feet  above  river.  Temperature,  47".  Usedin  honaa 
and  stable. 

No.  99.  Elevation  above  river,  15  feet.  Water  struck  also  at  77  feet.  Temperar 
ture,  47''.  Water  surface  does  not  vary  with  season.  Supplies  cottage,  stable, 
and  laundry. 

No.  101.  Used  for  sulphurous-acid  making  in  pai)er  mill.  This  is  one  of  ft 
series  of  7  wells,  12  feet  apart.  They  are  situated  about  60  feet  from  bank  of 
Kennebec  River,  about  20  feet  above  ordinary  water  level.  Pumping  one  prob- 
ably lowers  all. 

No.  102.  Supplies  drinking  water  at  X)aper  mill  and  boarding  house.  Hardneai, 
35  per  million. 

No.  108.  Elevation  above  sea,  65  feet.  Depth  of  water  does  not  vary.  Temper* 
ature,  48**.  Supplies  stock  farm,  stables,  and  3  houses.  Water  is  conglomenito 
and  trap  rock. 

No.  104.  Elevation  above  sea,  40  feet.  Water  surface  does  not  vary  with  BeaeoiL 
Supplies  4  boilers  in  oilcloth  factory  and  stables. 

No.  105.  Elevation  above  sea,  45  feet.  Water  surface  does  not  vary  with  season. 
Temperature,  47".  Pumps  into  12,000-gallon  tank.  Supplies  stock  farm  and  8 
houses.    Water  struck  also  at  15  feet. 

No.  106.  Water  level  varies  some  with  season.  Temperature,  40**.  Used  forall 
purposes. 

No.  107.  Elevation  above  sea,  35  feet.  Water  surface  does  not  vary  with  season. 
Temperature,  48°.    Water  struck  also  at  67  feet.    Supplies  hotel  and  5  cottages. 

No.  108.  Elevation  above  sea,  20  feet.  Water  surface  does  not  vary  with  season. 
Temperature,  48°.    Supplies  store,  3  dwellings,  fish  market,  and  livery  stable. 

No.  109.  Elevation  above  sea,  35  feet.  Well  said  to  fill  from  surface.  No  water 
was  struck  during  drilling. 

No.  110.  Elevation  above  hea,  35  feet.  Temperature,  42°.  Not  used  yet- 
Exx)ected  to  supply  store  and  stable.    This  well  situated  50  feet  from  No.  1. 

No.  111.  Elevation  above  sea,  35  feet.  Temi)erature,  48°.  Used  for  domestic 
purposes. 

No.  112.  Elevation  above  sea,  18  feet.  Water  surface  does  not  vary  with  seasoit* 
Temperature,  48°.  This  well  near  other  owned  by  same  person,  but  only  oniB 
water-bearing  layer  was  penetrated.  Supplies  2  cottages  and  steam  yachts* 
United  with  No.  1  underground. 

No.  113.  Elevation  above  sea,  18  feet.    Water  surface  does  not  vary  with  seft-' 
son.    Temperature,  48°.     Water  struck  also  at  35  feet  and  108  feet.    Pumped  inixp 
17,000-gallon  tank  in  tower.     Supplies  two  cottages  and  steam  yachts. 
*  No.  114.  Elevation  above  sea,  30  feet.     Temperature,  48".     Used  for  boilers  and 
domestic  purjwses. 

No.  1 15.  Elevation  above  sea,  30  feet.    Water  surface  does  not  vary  with 
son.    Temperature,  49°.    Supplies  cottage. 

No.  116.  Elevation  above  sea,  25  feet.    Water  surface  does  not  vary  with 
son.    Temi)erature,  45°.    Supplies  cottage. 

No.  117.  Elevation  al)ove  sea,  40  feet.    Situated  on  rocky  bluff  near  ocean. 
Water  surface  falls  to  —25  feet  in  dry  seasons.    Used  for  domestic  purposes.    A" 
well  500  feet  from  this  one  is  52^  feet  deep  and  yields  900  gallons  a  day. 

No,  118.  Situated  in  Youngs  Point.    Water  surface  does  not  vary  with  Heascm. 
Temi)erature,  47  .     Supplies  thrive  cottages.     Elevation  above  sea,  35  feet. 
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EUevatiim  above  eea,  40  feet.    Water  level  does  not  vtiry  with  season. 

"e,  48°.    Supplies  cottage,  steam  yacht,  and  lanndrjr. 

EHevation  above  sea,  15  feet.    Well  sitnat«d  in  plain  bordering  Fox 

anghfare.    Depth  of  water  does  not  vary.    Temperatnre,  47".    Snp- 

jttages.    Water  in  "'  flinty  rock." 

Sleration  above  sea,  ITS  feet.    Water  surface  does  not  vary  with  sea- 

teratnre,  47°.    Flows  into  reservoir  and  supplies  farm  and  several 


Slev»tion  above  sea  level,  abont  100  feet.  Temperatnre,  40°.  Used 
3  pnrpoees.    Throngh  rock  all  the  way. 

Slevation  above  eea.  80  feet.  Water  snrface  varies  between  —  80  feet 
t.    W»t»r  stmck  also  at  33  feet  and  83  feet.    Temperature,  4«".    Dnr- 

snpply  at  3B  feet  increases.    Supplies  two  cottages, 
^evation  above  sea,  10  feet.     Wat^r  surface  does  not  vary  with  sea- 
Biature,  49'.    Wells  now  abandoned.    Intended  for  use  in  boilers  and 

tnannfactaring  pnrposes.  Two  wells,  10  feet  apart.  Wat«r  wae 
>  30.000-gallon  tank.  When  allowed  to  remain  full  overnight  bottom 
covered  with  red  sediment  2  or  3  inches  deep. 

Slevation  above  sea,  97  feet.  Tempetatnre,  48".  Water  struck  also 
Used  for  domestic  purposes. 

inevation  above  sea,  00  feet.  Temperature,  very  cold.  Water  was 
o  at  38  feet.     Used  for  domestic  porpoees. 

JHevatiou  above  sea,  about  UX)feet.    Temperature,  4tj'.    Water  struck 
et  and  about  STy  feet.    Used  in  house  and  stable. 
Qevation  above  sea,  50  feet.    Water  foond  als<)  at  15  feet.    Used  in 

ilevation  above  sea,  50  feet.    Water  level  lower  in  summer.    Water 

It  iiO  feet.     Used  for  domestic  pnrposes, 

Qlevation  above  sea,  40  feet.     Water  surfiue  di>e8  not  vary  with  sea- 

:  stmck  also  at    -  10  teet.    Used  in  stable. 

Elevation  above  sea,  about  70  feet.    Water  struck  also  at  -  3-'>  feet. 

■d  2M  feet  from  tide  water.     When  down  O'J  feet  drill  dropped  aliout 

ter  iis<^  at  summer  cottage. 

llevation  above  sea,  about  20  feet.     Used  for  honseholil  pnriBJsea, 

Elevation  almve  sea.  400  feet.    Water  surfiu-c  iloeH  not  vary  with  si-a- 

U)i  domestic  puriK)Scs. 

Vater  stmcV  at  33  feet,  but  not  iirim-ijKil  supply.    Used  for  general 

Elevation  alKjve  sea,  iil»ut  300  feet.     Used  fur  Rfnenil  farui  puTiwises. 
Elevation  alwve  sea,  :tO  feet.     Water  snrface  does  not  vary  with  season. 
e,  47'.    Uxed  in  house,  stable,  und  for  irrigating  Ktirden. 
Elevation  iilwve  si'a,  M  fei't.     Water  surface  di^rs  nut  vary  with  season. 
",  47  .     Water  Mtrui:k  jilwf  at  ;H)  fci't  in  t<)p  of  leilge.     Used  in  house 


:ieva1 


nil  aljove  Bca,  50  feet.     In  dry  weatlier  snpply  iliminiMheH  t< 
v.,  iB'.    Used  for  domestic  Jind  general  farm  i)ur])<«es, 
on  above  sea.  5  feet.    Water  surface  iloe.s  not  vary  with  «e 
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No,  144,  U8e<l  for  domestic  imrposes.    Well  bored. 

No.  14.").  U8e<l  for  domesiit*  pnriioses.    Pnnii)ed  into  tank  and  piped  to  boildinfii  | 

No.  146.  Well  intersected  a  feet  8oil,  50  feet  soft  slate,  and  55  f eet  baid  dalu 
Water  bad,  conHecinently  well  aliandoned.    Water  now  pmnped  from  a  spring  M I 
feet  from  well  and  20  feet  lower.    Useil  for  domestic  purposes  when  ntiUxed. 

No.  147.  Water  surface  fluctnates  daring  day  and  according  to  seaacm.  UBeil 
for  domestic  purposes. 

No.  148.  Used  for  domestii^  piirixwes.  Another  well  near  this  one  is  r4fc«t' 
deep,  otherwise  like  it. 

No.  14».  Water  Bnrfac'«  dm»8  not  vary  with  season.  Water  struck  also  at  ^ 
feet.    Used  in  house  and  btim. 

No.  150.  Wat(jr  surfjice  is  depressed  20  feet  during  droughts.  Water  strw* 
also  at  14  feet.    Used  for  genend  farm  purposes. 

No.  152.  Elevation  alM)ve  sea,  lUl  feet.  Water  struck  also  at  40  feet.  Usedfif 
domestic  puri>oses. 

No.  15H.  Elevation  aliove  seii,  202  feet.  Depth  of  water  varies  slightly  dnriDg 
year.    UwmI  for  doniestitr  puriM>8es.    Wat^jr  in  slate. 

No.  154.  Elevation  alK)ve  sea,  247  feet.  Water  level  remains  constant  becantt 
water  e8cai>efl  through  crevice  in  ledge.  Temi)erature,  40**.  Used  for  domestie 
puriK)se8. 

No.  155.  Elevation  alK)ve  sea,  l^7i^  fiH»t.  Water  surface  does  not  vary  with  Bet* 
soil.    Water  struck  also  at  42  feet.    Supplies  house  and  bam. 

No.  1 50.  Water  surface  dot*8  not  vary  with  season.  Struck  water  also  at  35  M 
U8e<l  for  domestic  puriKwes. 

No.  157.  Useil  for  domestic  puri)08e8. 

No.  158.  Elevation  alK)ve  sea  al)out  225  feet.  Water  surface  rises  to —10  fe4 
in  wet  weather.     Ust^l  for  domestic  purposes. 

No.  159.  Elevation  al)ovo  sea  al>out  140  feet.  Water  surface  depressed  dnriDf 
drought.  Temperature,  43^.  Supplies  six  families  with  water  for  domestic  ^ 
poses. 

No.  100.  Elevati(mal)ove  river,  50  feet:  al)ove  sea  alx)ut  130  feet.  Water surto* 
varies  with  season.     Used  for  all  i)urpo8es. 

No.  161 .  Depth  of  water  does  not  vary.     Useil  for  general  farm  purposes. 

No.  162.  Water  surface  varies  witli  sejison.  Temi)erature,  50''.  Used  fo^ 
watering. 

No.  1 63.  Supplies  house  an<l  30  head  of  cattle.     Little  water  found  also  at  80  feet- 
No.  164.  Water  surface  varies  witli  si'asoii.     Ustnl  only  for  supplying  boiler. 

No.  165.  Supplies  liouse  and  l>iir  11. 

No.  166.  Water  surface  does  not  vary  with  season.  Tcmx)erature,  45*.  Use* 
for  medicinal  puqMjses.  .  Well  througli  46  feet  of  earth,  Imlance  rock. 

No.  167.  Elevation  above  sea,  1 ,000  (V)  feet.  Use<l  for  household  purposes.  Tw** 
other  flowing  wells  in  Greenville. 

No.  168.  Water  surfiUM^  does  not  vary  with  .season.  Tcm^ierature,  45**.  Not*^ 
present  in  use. 

No.  160.  WattT  surfiu'e  does  not  vary  with  siiuson.  Temiierature,  45".  IJj** 
for  medicinal  purposes.    Well  through  50  feet  of  earth,  45  feet  of  rock. 

No.  170.  Water  surface  varies  slightly  with  sea-son.    Temperature.  48".    DifU^ 
eter  of  casing,  2  inches.    Water  found  also  at  deptli  of  42  feet.    Used  for  dome^ 
purposes.    Well  dug  15  feet  through  loam,  then  blasted  27  feet  in  slate,  findlrf 
water  at  30  feet  from  top.    Used  this  water  for  two  years,  but  so  often  dry  th^* 
drilled  to  75  feet.     In  .summer  four  families  supplied. 

No.  171.  Water  surface  varies  10  feet  to  12  feet,  according  to  season.    Wa*^ 
struck  alsf)  at  60  feet     U8e<l  for  domestic  puriK)ses. 

No.  172.  Depth  of  wator  varies  with  season.    Used  for  domestic  purposes  ao^ 
bam. 
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^ater   level   6  feet  higher  in  fall  and  spring.    Temperatore,  40". 
k  at  30,  50,  and  58  feet.    Used  for  family  and  stock. 
Hevation  above  sea,  40  feet.    Temperature,  4S\    Used  in  boilers  and 
;  purposes. 

iHevation  above  sea,  17  feet.    Used  for  domestic  pnrposes.    Tempera- 
Elevation  above  sea,  100  feet.    Water  surface  varies  5  feet  during 
1  for  domestic  pnrposes  and  for  watering  garden  and  lawn. 
Used  in  factory  and  for  domestic  purixxses. 

Elevation  above  s  ^a,  25  feet.    Water  surface  does  not  vary  with  season, 
re,  46  \     Used  for  general  farm  purposes. 
Water  level  varies  with  season.    Temperature,  48  .    Use<l  for  domestic 

Deposits  yellow  sediment  on  standing. 

Depth  of  water  does  not  vary.  Tenijierature,  38  to  40  .  Water  found 
'eet.    Supplies  house,  milk  room,  and  stock. 

Elevation  above  sea,  80  feet.  Well  not  yet  in  use.  Exx)ected  to  supply 
garden. 

Elevation  above  sea,  25  feet.  Water  surface  does  not  vary  with  season, 
ire,  47 \    Supplies  cottage  and  stable. 

Elevation  above  sea,  90  feet.    Used  for  domestic  purposes. 

Elevation  above  sea,  95  feet.  Water  surface  does  not  vary  with  season, 
ire,  49**.    Water  struck  also  at  55*  feet.    Supplies  cottage  and  laundry. 

Elevation  above  sea,  65  feet.  Water  surface  does  not  vary  with  season, 
ire,  48''.    Supplies  two  cottages. 

Elevation  above  sea,  50  to  60  feet.  Water  surfatre  varies  with  season, 
omestic  purposes. 

Elevation  above  sea,  about  75  feet.  Water  surface  varies  with  season, 
ick  also  at  50  feet.    Used  for  domestic  puriwses.    A  dug  well,  24  feet 

by  struck  water  in  ledge  at  22  feet.  Supplies  1 ,000  gallons  per  day, 
forced  by  steam  pump  to  top  of  hill  600  feet  high.  Elevation  of  well, 
feet.  Pumping  does  not  affect  water  level  until  late  in  summer,  when 
depressed  2  or  3  feet. 

Elevation  above  sea,  30  feet.    Supplies  cottage. 

Elevation  above,  sea,  120  feet.  Water  surface  rises  in  spring.  Tem- 
\&\    Used  for  domestic  purposes. 

Elevation  above  sea,  about  30  feet.  Water  level  does  not  vary  with 
upplies  hotel  and  cottages. 

Elevation  above  sea,  40  feet.     Teini)erature,  44  \     Used  for  domestic 

Elevation  above  sea,  60  feet.  Water  level  does  not  vary  with  season, 
lomestic  purposes. 

Elevation  above  sea,  20  feet.  Water  surface  varies  with  season, 
lomestic  purposes.  Contains  considerable  earthy  sediment.  Analysis 
y  owner  (analyst  unknown) : 

Analysis  of  water  from  well  of  M,  E.  Lewis  ^  of  Jslenlmro^  Me. 

[Parts  iH.*r  million.] 

145.0 

d  ammonia 0. 02 

3nia. .  - - - - 0. 04 

0.003 

- 0.100 

85.0 

- U.(i 
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No.  195.  Elevation  above  sea,  80  feet.    Used  for  domestic  purposes. 

No.  196.  Elevation  above  sea,  25  feet.    Water  surface  does  not  vary  with 
Temperature.  47".    Supplies  steam  gristmill,  store,  and  stable. 

No.  197.  Situated  on  shore  just  above  high  water.     Water  surface  does  notmjj 
with  season.    Supplies  cottages. 

No.  198.  Elevation  above  sea,  80  feet.    Water  surface  does  not  vary  with  aeasoB.  j 
Supplies  store  and  mill. 

No.  199.  Elevation  above  sea,  70  feet.     Water  struck  also  at  22  feet.    Usediil 
house,  bam,  and  stable. 

No.  200.  Elevation  alx)ve  sea,  200  feet.     Used  for  domestic  purposes. 

No.  201.  Water  surface  does  not  vary  with  season.    Supi^lies  cottage. 

No.  202,  Elevation  above  sea,  15  or  20  feet.    Used  for  domestic  purposes. 

No.  203.  Elevation  above  sea,  10  feet.    Water  level  does  not  vary  with  season. 
Temperature,  48 \    Used  for  domestic  purposes. 

No.  204.  Elevation  above  sea,  20  feet.    Water  surface  does  not  vary  with  seaBon. 
Temperature,  47 ^    Supplies  cottage  and  stable. 

No.  205.  Elevation  above  sea,  40  feet.    Temperature,  49".    Public  supply. 

No.  206.  Elevation  above  sea,  3  feet.    Water  surface  does  not  vary  with  seasoik 
Temperature,  47^    Water  found  also  at  125  feet.    Supplies  cottage. 

No.  207.  Driven  47  feet,  drilled  14  feet.    Used  in  house  and  for  stock. 

No.  208.  Elevation  above  sea,  85  feet.     Water  surface  does  not  vary  with  season* 
Water  found  also  at  100  feet.    Supplies  summer  resort. 

No.  209.  Elevation  above  sea,  100  feet.  Water  surface  varies  with  season;  ^ 
dry  weather  below  surface ;  in  wet  weather  overflows.  The  statement  that  it  ris* 
8  feet  above  surface  is  probably  an  error.    Used  in  hotel  for  all  purposes. 

No.  210.  Elevation  above  sea,  about  60  feet.  Water  surface  does  not  vary  with 
season.  Used  to  supply  watering  troughs  and  for  domestic  purjioses.  Supplies 
water  to  villagers  who  wish  it.  Well  not  more  than  20  rods  from  W.  E.  Grin- 
neirs  well. 

No.  211.  Used  for  general  farm  purposes.     Dug  15  feet,  drilled  54  feet. 

No.  212.  Supplies  house  and  shop.    Passed  through  6  feet  sand  and  soil. 

No.  213.  Supplies  house  and  bam. 

No.  214.  Elevation  above  sea,  609  feet.  Water  surface  never  below  minus  38 
feet.    Temperature,  45°.     Water  struck  also  at  28  feet.     Used  in  house  and  bam. 

No.  215.  Elevation  above  sea,  alx)ut  100  feet.  Was  originally  used  to  supply 
schoolhouse.  Not  now  used.  On  opposite  side  river,  in  St.  Stephen,  is  a  well  140 
feet  deep,  in  which  water  was  struck  at  50  feet.  Rises  nearly  to  surface.  A  sec- 
ond well  near  by  supplies  a  one-half -inch  pipe  continuously.  A  shaft  in  the  New 
Brunswick  side  of  the  river  about  2  miles  distant  struck  great  quantity  of  water 
at  45  feet.    Elevation,  300  feet. 

No.  216.  Elevation  above  sea,  50  or  60  feet.  Well  bored  44  feet,  driven  5  feet. 
Temperature,  45".    Family  use. 

No.  217.  Water  surface  varies  'W'ith  season.  Temperature  varies.  Water  struck 
also  at  10  feet.  Used  for  general  farm  purposes.  Well  plugged  above  deeper 
supply,  and  upper  supply  only  utilized.  Before  well  was  plugged  the  water  from 
the  upper  source  ran  off  with  lower  supply. 

No,  218.  Elevation  above  sea,  about  100  feet.    Used  for  general  farm  purposes. 

No.  219.  Elevation  above  sea,  30  or  40  feet,  and  situated  150  feet  from  shore. 
Was  piped  to  nine  cottages.    Now  abandoned. 

No.  220.  Elevation  above  sea,  about  50  feet.  Drilled  in  bottom  of  old  weD- 
Used  for  domestic  purix)ses.  A  second  well  near  this  one  is  75  feet  deep.  Yields 
75  gallons  per  hour.  Elevation  above  sea,  50  feet.  Water  rises  to  within  10  feet 
of  surface.    A  dug  well  10  feet  deep  at  high-water  mark  yields  an  abundance  ci 
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r.     Another  penetrating  13  feet  of  gravel  and  2  feet  of  slate  yields  also 

T  at  a  teiux>eratnre  of  45\ 

I.  Elevation,  about  640  feet  above  sea.     Water  level  rises  HO  feet  in 

Used  for  domestic  pnrpoees.    Bock  strack  at  20  feet. 

I,  Elevation  above  sea,  abont  75  feet.    Depth  of  water  varies  with  season. 

iTj  cold.     Snpplies  fonntains. 

^.  Elevation  above  sea,  abont  50  feet.     Depth  of  water  does  not  vary. 

two  bonses  and  a  l>am. 

\.  Elevation  above  sea,  abont  30  feet.    Stmck  salt  water  at  bottom  of 

fn  it  vras  abandoned. 

HPIlINCiS. 

• 

;s  are  abundant  in  Maine,  esiMKcinlly  in  the  interior  of  the 
They  are  very  frequently  located  on  hillsides,  from  which 
?r  can  l>e  i>iped  and  distributed  by  gravity  to  residences  and 
The  water  is  very  cool,  temperatures  as  low  as  40°  ])eing 
,  and  teiiii>eratures  over  50°  seldom  reported.  The  low  tem- 
of  spriniar  ivaters  makes  them  valuable  for  dairy  and  cream- 
oses.  Spring  water  is  also  often  softer  than  well  water  and 
)re  soiig'ht  for  domestic  purposes.  Mineral  springs  are  com- 
the  waters  from  many  of  them  are  bottled  and  sold  on  the 
)r  table  and  medicinal  purposes.  At  some  points  they  fur- 
Jjes  for  hotels  and  health  resorts. 

iperature,  quality,  yield,  and  use  of  the  water  of  the  springs 
n  1903  are  ^iveii  in  the  tables  following. 
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NOTES  ON  SPRINGS  OF  MAINE. 

No.  1.  Anbnm  Spring,  located  on  the  shore  of  Lake  Anbnm.    Principal  min- 
eral constitnentfi  are  carbon  dioxide  and  sodinm  bicarbonate. 
No.  2.  Anbnm  Diamond  Spring.    Total  solids,  78.8  x>art8  per  million,  mainly 
K  carbonates  and  snlphates. 

i      No.  3.  Sylvan  Spring.    Total  solids,  28.5  parts  'per  million, 
j^      No.  4.  Windsor  Mineral  Spring.    Total  solids,  95.8  -paTta  "per  million.    Princi- 
pal mineral  snbstances  are  carbonates  of  iron  and  magnesia  and  alkaline  snl- 
phates. 

No.  7.  A  second  spring  near  this  one  flows  90  gallons  per  minnte,  boiling  np 
^m  bine  clay  and  having  a  temperatnre  of  45''. 

No.  8.  The  water  comes  from  a  clay  seam  lying  between  gneiss  and  an  intrusive 
dike  of  porphjrry.  Total  solids,  62.9  parts  per  million.  Improvements:  Bottling 
liouse,  hotel,  cottages,  and  x>ark. 

No.  9.  Keystone  Mineral  Spring.  The  water  contains  carbonates  of  iron,  mag- 
'^eaia,  and  the  alkalies. 

^0. 10.  Highland  Mineral  Spring.  Principal  constituents  are  calcium  carbon- 
^^«  potassium  sulphate,  and  carbon  dioxide. 

No.  12.  Cliff  Spring.    Total  solids,  29.8  psjcta  per  million,  largely  carbonates. 

^0. 17.  Total  solids,  33.7  psjcta  i)er  million.  Charged  with  sulphuretted  hydro- 
Rengaa. 

No.  20.  Paradise  Spring.    Total  solids,  17  x>arts  per  million. 

No.  21.  Underwood  Mineral  Spring.  Improvements:  Casino,  restaurant,  and 
hotUing  house. 

No.  22.  Pumped  by  windmill. 

No.  23.  Improvements:  Hydraulic  ram. 

No.  24.  Summit  Spring.  Total  solids,  68.9  parts  per  million.  Improvements: 
Hotel 

No.  25.  Trickey  Pond,  located  in  Naples,  is  thought  to  be  essentially  a  spring 
^^^  Its  bottom  is  visible  at  a  depth  of  30  feet.  It  furnishes  water  to  Crockett 
floDse  and  its  outflow  runs  a  35-horsepower  sawmill. 

No.  26.  Skid  Hill  Spring. 

No.  28.  Granite  Spring.     Located  20  feet  from  high-tide  mark. 

No.  30.  Pownal  Spring.     Cori)oration  is  now  being  formed  to  build  hotel. 

No.  31.  Seavey  Spring.  Mineral  matter,  24  parts  per  million;  hardness,  11.D7 
parts  per  million. 

No.  33.  The  water  from  this  spring  is  pumped  by  the  Forest  Pajaer  Company 
^to  a  standpipe  and  distributed  thence  to  the  town.  Two  3-inch  wells,  about  25 
'^t  deep,  driven  near  the  spring,  furnish  water  which  rises  2  feet  higher  than 
we  spring.  The  spring  water  contains  a  less  percentage  of  nitrates  than  the  well 
^^r.    Total  solids  of  spring  water,  51.9  parts  per  million. 

No.  34.  Total  solids,  38.3  parts  per  million,  mainly  carbonates  and  snlphates. 
"^provements:  Spring  house,  cottages,  etc.     Carbonating  works  being  erected. 

No.  35.  Knowlton  Soda  Spring.  Total  solids,  42.G  parts  per  million.  Improvo- 
J»ent8:  Spring  house. 

No.  37.  Three  other  springs  on  same  farm  supply  three  additional  houses. 
1       No.  38.  Bluehill  Mineral  Spring.     Analysis  reported  by  owner  (analyst  un- 
'     Imown). 
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Analytntt  of  tvaterfrom  mineral  spring  at  Bluehill,  Me. 

[Parts  i)er  million.] 

SUica - 20.« 

Calcium  carbonate 25.  H 

Ferrous  carbonate 6.65 

Sodium  sulphate _ 5.8! 

Calcinm  sulphate _  _  5. 6 

Total  solids _._ _ _ 78.6 

Improvements:  Pavilion  and  bottling  house.  A  hotel  will  be  built  in  the  nea 
future. 

No.  89.  Located  100  feet  from  No.  88. 

No.  44.  Located  on  top  of  hill  650  feet  high.  Hardness,  41.5  parts  X)er  miUiozi 
Water,  silicated  alkaline.    Improvements:  Spring  house  and  bottling  house. 

No.  49.  Total  solids,  49.522  parts  "per  million.  Analysis  reported  by  owne 
(analyst  unknown). 

Chemical  analysis  of  water  from  spring  at  Chelsea^  Me, 

[Parts  per  million.] 

Silica 8.7^ 

Calcium  carbonate 5.81 

Magnesium  carbonate l.W 

Sodium  chloride 7.(H 

Sodium  sulphate - 1.  W 

Potassium  chlorine .8^ 

Total 25.21 

Sanitary  analysis. 

Free  ammonia  .._ None 

Albuminoid  ammonia 0.0! 

Nitrites Non€ 

Nitrates Trac< 

No.  50.  Hardness,  41.28  X)art8  per  million.    Total  solids,  38.0  parts  per  millioi 

No.  52.  Littlefield  Spring.    Total  solids.  138.898  parts  i)er  million. 

No.  58.  Forest  Spring.    Improvements:  Bottling  house. 

No.  54.  Morse  Spring.  Some  buildings  started  with  intention  of  establishix^ 
a  summer  resort. 

No.  57.  Vienna  Sparkling  Spring.  Total  solids,  42.575  parts  per  million,  maii»^ 
carl)onate.s. 

No.  58.  Pure  Water  Spring.  Hardness,  41.5  parts  per  million.  Total  solid 
69.0  parts  X)er  million. 

No.  61.  Ticonic  Mineral  Spring.  Hardness.  155.0  parts  per  million.  PrincipJ 
gas  constituent,  hydrogen  sulphide.     Improvements:  Spring  house. 

No.  64.  Boothl)ay  Medicinal  Spring.  Contains  hydrogen  sulphide,  carbon  die: 
ide,  bicarbonates  of  iron,  calcium,  magnesia,  and  the  sulphates  of  iron  and  potasl 

No.  65.  Hardness,  15.5  parts  x)er  million.  Total  solids,  88.9  jmrts  per  millioi 
Analysis  reported  by  owner  (analyst  unknown). 
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Arudysis  of  water  from  spring  at  Jefferson  y  Me, 

[Parts  per  xnillion.] 

Calcium  carbonate 35.0 

Magnesium  carbonate . . _ . .  12. 3 

8odinm  carbonate _ 9. 0 

Boditim  sulphate 3. 7 

Potasfiimn  sulphate 8.1 

fiodiam  carbonate 1.2 

Penons  carbonate .6 

Silica . 16.1 

Ko.  66.  Somerset  Mineral  Spring.      Total  solids,  424.935  parts  per  million. 
Principal  constituent,  sodium  bicarbonate. 

No.  68.  Lowrie  Spring.    Primipal  minerals  are  sodium  chloride  and  calcium 
carbonate. 

No.  69.  Mount  Hartford  Cold  Spring.    Located  on  summit  of  Mount  Hartford. 
Total  solids,  36.1  grains  per  gallon.    Lithium  carbonate,  0.05  part  per  million. 

No.  72.  Zircon  Moon  Tide  Spring.    Located  on  Mount  Zircon.    Improvements: 
Bottling  housa.     Hotel  contemplated. 

No.  73.  Jones  Spring. 

No.  76.  Mount  Oxford  Spring.  Improvements:  4,000-gallon  tank.  The  con- 
traction of  a  bottling  house  is  contemplated. 

No.  77.  Arctic  Spring.  Hardness,  60  parts  per  million;  total  solids,  72  part-s  per 
million. 

No.  79.  Supplies  25  families  in  dry  weather. 

No.  86.  Chapman  Spring.    Improved  grounds. 

No.  90.  Two  wells  near  by  were  drilled  to  76  and  96  feet,  respectively,  in  solid 
rock,  yielding  6  and  3  gallons  of  water  with  a  temperature  of  45"  per  minute. 
Both  wells  are  flowing,  delivering  water  8  to  12  feet  above  the  surface. 

No.  94.  Piped  to  two  houses,  but  yield  is  sufficient  for  20  families. 

No.  99.  Rocky  Hill  Spring.  Hardness,  41.")  parts  per  million;  total  solids,  (>:} 
P*rt8  per  million,  mainly  carbonates.     Improvements:  Spring  house. 

No.  101.  Piped  to  buildings.  Another  spring  in  vicinity  is  several  times  larK<^r 
and  colder,  the  wat?r  being  used  for  dairy  purposes. 

No.  103.  Total  solids,  66.7  parts  per  million,  mainly  c^rlxjnates  of  calcinin  and 
naagnesium. 

No.  104.  Pine  Grove  Spring.  Another  spring,  about  1  mile  west  of  the  villa;re, 
supplies  75  to  100  people. 

No.  108.  Improvements:  Reservoir. 

No.  109.  Improvements:  Hydraulic  ram. 

No.  110.  Addison  Mineral  Spring.  Total  solids.  143.6  parts  per  million,  lar^tly 
bicarbonate  of  iron. 

^0. 114.  Improvements:  Pumping  station  and  reservoir. 

^^'  117.  Spring  is  located  below  high- tide  level. 

No.  118.  Bottling  plant  contemplated. 

^^•119.  Improvements:  Windmill. 

No.  121.  Improvements:  Windmill. 

^0. 12,5.  Whitman  Spring. 

^'^'  I2fi.  Puritan  Spring. 

-^'f>- 127.  Seal  Rock  Spring. 

^^'  12.S.  Hill  Mineral  Spring. 

^^^'  129.  There  are  two  springs  of  equal  flow  about  300  feet  apart. 

^^^.130.  Hardness,  49  parts  i)er  million;  total  solids,  147  parts  per  million. 
Piped  through  the  village. 


NEW  ITAMPSniRE. 


Records  collected  by  J.  M.  Boutwell. 


New  Hampshire,  like  adjacent  States  of  New  England,  is  covered 
with  unconsolidated  surface  materials  deposited  through  the  action  of 
the  ice  sheet  which  once  covered  the  region  or  by  its  associated  drain- 
age.    This  surface  material,  or  drift,  is  not  of  uniform  thickness. 
In  fact,  on  the  crests  and  sides  of  the  mountains  and  many  of  the 
higher  hills  it  is  thin,  or  nearly  or  quite  absent.     In  the  valleys  and 
on  the  lowlands,  however,  the  drift  deposits  reach  a  considerable 
thickness.     The  State  is  rich  in  natural  water  resources,  abounding 
in  springs,  streams,  and  lakes.     The  streams  in  recent  years  have 
been  more  or  less  polluted  by  refuse  from  mills  and  manufacturing 
establishments  and  from  towns  situated  along  their  banks,  and  tlie 
same  is  true  of  many  of  the  lakes.     While  it  is  possible,  by  filtration 
or  other  methods,  to  use  such  waters  for  public  supplies,  it  is  gener-    I 
ally  more  convenient  for  the  smaller  communities  to  depend  upon 
wells  or  springs. 

WEIiliS. 

The  wells  may  be  grouped  in  two  classes — (1)  those  in  the  uncot^" 
solidated  material  or  drift,  and  (2)  those  entcjring  the  rock  for  th©^^ 
supplies.  Of  the  wells  in  the  drift  those  in  the  compact  and  more  ^^ 
less  clayey  till  or  hardpan  yield  the  least  satisfactory  supplies,  ^ 
regards  both  quantity  and  quality.  In  the  stratified  i)ortions  of  tl^^ 
drift,  however,  especially  in  the  sands  and  gravels  along  the  vallej^^ 
or  in  other  situations,  the  supplies  are  generally  of  good  quality  an^ 
ample  in  volume.  In  the  more  densely  populated  regions,  especially 
near  the  coast  in  the  southeastern  portion  of  the  State,  springs  are 
generally  absent,  and  it  is  difficult  to  obtain  satisfactory  supplies 
from  the  drift.  In  such  localities,  and  in  other  localities  where  the 
water  supply  is  deficient  in  quantity  or  quality,  resort  has  frequently 
been  had  to  rock  wells.  The  water  question  has  been  of  special 
prominence  on  the  summer  estates  along  the  coast. 

In  the  following  tables  are  given  the  more  important  facts  relating 
to  the  deeper  wells  reported  to  the  Survey  in  1903. 
56 
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NOTES  ON  WELLS  OF  NEW  HAMP8HIBB. 

jQcated  abont  300  feet  above  Lake  Winnepesatikee.    The  rock  is  full  of 
I  the  -water  eseapcH  readily  in.  dry  Beasone.  the  movement  being  toward 
Cost  of  well.  $1.50  per  foot. 
riie  foHowing  tmRlysis  of  wat<ir  from  thin  well  waa  made  by  Edmnnd  R. 


Aanlynin  i>f  iraierfrom  well  at  Vnityn,  N.  H. 

[Parts  p-r  million.] 

coloriens,  clear. 

tlnruig  evaporation - Qniet, 

ce  of  refiidae Uniform  and  white. 

f  residae _ _..  Does  not  darken. 

ia 142.0 

Tiitioii  of  residae - _ S9.0 

- --- M.0 

■ -- - 80.0 

lonia Trace, 

004 

- 7.0 

Trace. 

- - - None. 

insnmed  in  oxidation _ 27 

metala None. 

Trace. 

Scarcely  any, 

ic  examinatioit  and  biological  character  of  sediment  . .  Not  significant. 
f  bacteria  per  cubic  centimeter  growing  at  blood  temperature 

ine  agar  medium 4 

f  bacteria  per  cubic  centimeter  growing  at  blood  feraperatnre 

m<?dinm  containing  Parietti's  solution . None. 

iced  a  good  wat«r. 

'out  of  well,  abont  81,800.    Analysis  at  Harvard  MediiMil  School. 


004 


[ntdyiiU  of  leater  from  u-ell  at  Dublin,  N.  H. 


Ine _ 19.0 

_ _ 10.0 

Absent. 

of  remarkable  pority.     Vary  nnnsnal  freadnm  from  organic  and  mineral 

iuitalile  for  all  pniposes, 

Lii:icate(l  in  a  stream  bfil.     NotHlile  only  fmtn  the  fact  that  tlie  wat«r 
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this  was  not  immediately  available  a  provisional  supply  was  obtained  from 
)en  wells  sunk  in  a  basin  in  glacial  drift.  The  following  is  a  table  giving 
C8  of  these  wells: 


Records  of  welln  at  Mount  Pleasant,  N.  H, 


Owner's 

No.  of 

well. 


1 
2 
3 

4 


5 


6 
7 

8 

9 

10 

11 


Height  of 

pipe  above 

water. 


Ft. 
7 

8 
8 


7 


8 
8 
3 
4 
4 


5 


In. 

0 
6 
0 
6 
0 
6 
9 
0 
6 
6 
0 


12 

3 

10 

13 

3 

0 

14 

3 

0 

15 

5 

0 

16 

5 

6 

17 

4 

9 

Depth  of 
water. 

Ft. 

In. 

34 

6 

25 

6 

25 

6 

23 

0 

19 

6 

26 

0 

27 

6 

30 

0 

23 

0 

31 

9 

21 

6 

24 

0 

25 

0 

23 

0 

22 

0 

21 

3 

21 

9 

Total  depth 
of  well. 

CaiMU'ity  per 
minute. 

Ft.      In. 

(iallons. 

41   6 

120 

34   0 

40 

33   6 

C«) 

30   6 

10 

27   6 

60 

34   6 

60 

31   3 

37 

34   0 
27   6 

180 

37   3 

115 

24   6 

100 

27  10 

140 

28   0 
26   0 

25 

27   0 

40 

26   9 

75 

26   6 

30 

rt  Very  little  water. 

se  17  wells,  each  of  which  is  5  inches  in  diameter,  are  connected  with  the 
STiction  line  5, 6, 8,  and  10  inches  in  diameter,  and  the  water  is  pumped  from 
by  means  of  two  large  direct-connected  electric  triple-piston  i)ump8  of  the 
les  Maiinfacturing  Company's  make.  Two  analyses  of  waters  from  these 
made  by  H.  Endeman,  of  New  York,  are  given  below: 

{nalysiH  of  water  from  well  at  M(tnnt  Pleasant  {otvner\s  sanq^le  No.  I). 

[PartH  ]M'r  million.] 

tmia _ 0. 028 

uinoid  ammonia . .       .  036 

sohds-. 31.70 

lie  and  volatile  matter .    2. 35 

al  matter 29. 41 

ine 1 .  872 

ates None. 

:es 818 

es Present. 

jn  to  destroy  organic  matter .  791 


I 
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Analysis  of  tmiter  front  well  at  Mount  Pleasant,  N,  H,  {owner's  sample  No.  S), 

[PartH  i>er  million.] 

Ammonia O.O05 

Albuminoid  ammonia _ .  .053 

Total  solids -    35. 4t 

Organic  and  volatile  matter 7. 84 

Mineral  matter 17.  ft5 

Chlorine - »75 

Sulphates Ncme. 

Nitrates - 1. 985 

Nitrites Present 

Oxygen  to  oxidize  organic  matter .941 

No.  15.  The  well  x>a88ed  through  material  as  follows:  Gravel,  70  feet;  blue  clay, 
100  feet;  soft  rock,  140  feet. 

No.  16.  Cost  of  well  about  $1,000. 

No.  17.  This  forms  a  part  of  the  water  supply  of  the  city  of  Nashua.  The  well 
is  located  about  150  feet  above  the  level  of  the  sea  and  obtains  its  water  from 
gravel.    Temperature  varies  from  46''  to  63%  according  to  season. 

No.  18.  Two  hundred  feet  of  this  well  are  in  gray  granite. 

No.  19.  The  following  analysis  was  made  by  H.  E.  Barnard: 

Analysis  of  water  from  well  at  Peterboro^  N,  H, 

[Parts  por  million.] 

Source  of  sample:  Aciueduct  by  lead  pipe. 

Turbidity Noua 

Sediment None. 

Odor None. 

Color - 0.0 

Free  ammonia 0 

Albuminoid  ammonia .0 

Nitrates - 08 

Nitrites 0 

Chlorine - *. 1 

Totalsolids 3.9 

Fixedsolids 9.2 

Hardness 1.8 

Iron - - - Tracei. 

Lead 19 

No.  20.  Cost  of  well  about  $5,000.     The  Ixjring  was  in  granite  below  50  feet  3 
Analysis  by  Edmund  R.  Angell. 

Analysis  of  uiater  from  well  at  Concord,  N.  H. 

[Parts  jMT  million.] 

Sodium  carbonate 26. 163 

Sodium  sulphate 84. 200 

Magnesium  carbonate 8. 249 

Iron  carbonate 066 

Potassium  nitrate 274 

Calcium  carbonate 46.618 

Silica - - -..- 9.405 

Sodium  chloride 4. 908 

Alumina 2. 904 
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No.  21 .  Cost  of  well  about  $6  iper  foot.    Temx)eratTire;  50°. 

No.  22.  The  well  is  located  on  one  of  the  highest  ix)ints  in  the  town,  and  the 
water  is  obtained  from  clay. 

No.  24.  The  following  analysis  is  reported  by  owner  (analyst  unknown).  The 
figures  given  represent  parts  per  million. 

Analysis  of  water  from  well  at  Exeter,  N.  H, 

Color,  slightly  milky,  becoming  clear  on  standing;  fair. 
Sediment,  slight;  good. 

Microscopical  examination  of  sediment — A  small  amount  of  clear,  irreg^ular  bits 
of  crystalline  material  (quartz,  sand,  and  mica,  apx)arently) ,  with  sharp  edges. 
Nothing  to  indicate  any  contamination  from  animal  or  vegetable  matter;  excel- 
lent. 
Odor — Cold,  none;  at  38"'  C,  none;  excellent. 
Taste,  none;  excellent. 
Hardness  (2''  on  a  scale  by  which  0""  indicates  perfectly  soft  water,  and  10 '  water 

too  hard  to  drink) ;  good. 
Residue  of  evaporation: 

Total  (very good) ..  121.6 

Loss  on  ignition  (excellent) 15. 0 

On  ignition  there  was  no  indication  of  organic  pollution;  excellent. 

Chlorine  (excellent) 6 

Ammonia: 

Free  (very  good) 07 

Potential  (very  good) 03 

This  is  very  good  water,  one  of  the  best  in  to'wn. 

Ko.  25.  The  following  analysis  of  water  from  this  well  was  made  by  Henry 
Carmichael: 

Analysis  of  water  from  well  at  Exeter ,  N,  H, 

[Parts  per  million.] 

Total  residue  on  evaporation _ 132. 8 

Organic  and  volatile  matter 17. 4 

Fixed  matter 115.4 

Oilorine * 7.0 

Free  ammonia .  006 

Albuminoid  ammonia 01 

Nitrites - 0009 

Nitrates.. .0006 

*  The  inorganic  matter  consists  of — 

Silica --. 11.95 

Iron  and  aluminium  oxides 1 .  50 

Calcium  carbonate J39. 33 

Calcium  sulphate .     13. 00 

Magnesium  carbonate 26. 70 

Sodium  chloride 15.05 

'  Potassium  chloride _ .       7. 25 

115.4 
The  .sample  was  clear,  colorless,  odorless,  and  with  but  slight  sediment. 
No.  29.  The  well  is  located  within  500  feet  of  the  sea. 
No.  35.  Not  completed. 
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Analysis  of  wiiter  from  well  at  Mount  Pleasant ^  N.  H,  (owner^s  sample  No,  i)- 

[PartB  i)or  million.] 

Ammonia 0,W 

Albnminoid  ammonia.  _ .OM 

Total  solids 25.49 

Organic  and  volatile  matter 7.84 

Mineral  matter 17.65 

Chlorine WS 

Sulphates None. 

Nitrates 1.  W5 

Nitrites Present 

Oxygen  to  oxidize  organic  matter .941 

No.  15.  The  well  passed  through  material  as  follows:  Gravel,  70  feet;  blue  clay^ 
too  feet;  soft  rock,  140  feet. 

No.  16.  Cost  of  well  about  $1,000. 

No.  17.  This  forms  a  part  of  the  water  supply  of  the  city  of  Nashua.  The  well 
is  located  about  150  feet  above  the  level  of  the  sea  and  obtains  its  water  from 
gravel.    Temperature  varies  from  46"  to  OS'*,  according  to  season. 

No.  18.  Two  htmdred  feet  of  this  well  are  in  gray  granite. 

No.  19.  The  following  analysis  was  made  by  H.  E.  Barnard: 

Analysis  of  water  from  well  at  Peterboro^  N,  H, 

[Parta  per  million.] 

Source  of  sample:  Aqueduct  by  lead  pipe. 

Turbidity None 

Sediment None 

Odor None 

Color 0.O 

Free  ammonia - 0 

Albuminoid  ammonia .0 

Nitrates .<W 

Nitrites .0 

Chlorine *. .1 

Total  solids 8.9 

Fixed  solids 2.2. 

Hardness 1.8 

Iron _ Traoefli 

Lead .H 

No.  20.  Cost  of  well  about  $5,000.  The  boring  was  in  granite  below  50  feet 
Analysis  by  Edmund  R.  Angell. 

Analysis  of  tcater  from  well  at  Concord,  N,  II, 

[Parts  per  million.] 

Sodium  carbonate 26. 1^ 

Sodium  sulphate 84. 30 

I^agnesium  carbonate _ 3. 2^ 

Iron  carbonate 06 

Potassium  nitrate 2fi 

Calcium  carbonate 46. 5l 

Silica - _ 9.4( 

Sodium  chloride 4. 9( 

Alumina 2. 91 


'  E1J..J 


NEW    HAMPSHIRE. 


nf) 


^fis('ell^ncntlM  s^triiig  nconls  in  Nnr  Hmupshirr — ('oiitiniied. 


Omutv 


L«M-:ilitv. 


()win>r. 


,  Principiil  i 
C^uul-  ^    inincrul    .ViildptT 
ity.     J  ronstitn-  J  iniiiuto. 


Matfrinl 


(•'Ot>8. 


...do.... 


-CO 


.(!.. 


do... 

do... 

.  -do... 
(rnifton 
.  do... 
..do... 
..di.  .. 
.    .do... 


Gorham (Torliam    A  q  u  e  - 

duct  ('o. 

Jefferson Wni.JI. Crawford. 

do C. W.Evans 

do (KC.Evnns  .   . 


Soft 

do 

.('o 


Iron 


(lalluitn. 

Many,  i  (Jrjivel 

I 

(ir:niil<'. 

.•;;    Gravrl. 


8--<j  nol<> 


•X{\ 


...do... 

.f!o... 

.  ..do... 

...do... 

..d»)    .. 

.     do... 

..    do   .. 

.  .  do 

do... 

..do... 
...do... 
...do... 
...d..... 

...do... 


Randolph L.  M.  Watson '  .  .do 

Shelbumo S.  J.  Morse '     .do 

Stark Benj, Greene ...do 

Alexandria G.A-Rollins ..do      

Benton Eert  Cox '  G<xxl 

do Wm.Kenda:i j  Soft 

Bethlehem A.  J.  Richardatju. .    Good  .  Several 

do Crystal  Spring  i  Soft 

Water  C<3.  i  i 

Campt^m '  DarlnaMoulton    .  ...do (4ruv«'l. 


( Jranit<'. 

Bluest  01  !<•. 
(xiimite. 

Do. 

Do. 

Do. 

r:o. 


. .  --do F. L. Moulton. 

Dorchester A.  F.  Bickford 

Hanover A. W.Fitts.... 


.do.    

do.    

do   -    Iron 


PVw 


D 


o. 


.do 


W.F.Gale .d(» 


HoldernesH Balch  heirs,  etc. . 

Landaff K.  W.Noye.H,jr .      

Littleton H.M.Morae Soft 

do IraParker do 

North Woodst<H:k  Mrs.  Jas.  Bumey  .'  .  .do 

Orford Geo.  Wilcox do 

Piermont Evans  &  Hill ...do 

Quun-y R.B.Clark '...do 


do      Sevenil. 


Iron,  lime 

Sevt'ntl. 

Inm,  sul-  7 

phiir. 

Iron 

Se*^  notes. 


F«'\v.  1  Linir>vt(ini> 


Warrt'n 


Breezv  Point  Ho 
tel.  * 


Haird . 


Wliit. valid. 

(^ravrl 

"Trap." 

Clay. 

(tranitr. 

Sancl. 


o 


Hilb<tjoro. 
..  .<lo...  ' 

-  .  do    .   .' 

1  I 

-  .do  . ..   I 

.1......' 

>i-,....: 

.do....  I 
.do.... 

do    ... 

do.. 

d.>.. 

d<... 

.d<».. 

.  do.. 

Mf^rrima'' 

-.do.... 
.    do... 


Wo«K^lstrKk  W.C.Walker Iron,  sul - 

I  jdiur. 

B«-niiin}<t<m Waterworks ' 


l>»erinj< F.  D.  Appleton 

do '  E.C.Holtou 

Goff.s  FnlLs Devonshire  Mills. 

Huds<jn '  H.  C.  Brown 

do I  David  Clement 

Mancheste  r (.\)oi)erati ve 

...-do E.S.Fletcher..   . 

Mason .Ta.s.  Russell 


Soft '  I 

do        Majriiesia  S<'veral. 


Soft 

..do 

.do.. 

Hard.    Salt  . 
Soft  .      Iron 

.  .do  .   I  Seoiiot»'s 
I 

do 

.  .do    .    S«'e  notes 
.  .do  .      Iron 


I--' 


1, 
•> 


!  (r.  W.Parker ......    S«M»not<'s 


Xashim Pennechuck  Wa- 
terworks. 

N«' w  Ipswich  ...     C.  M.  Wh«K;ler  . . . 

Temple S.  A .  Scammon  . 

West  Dt^ring  .  .  1  C.  S.  McAlister. . . 

Wilton 

Allenst-.wn Estate  of    Frank  I  Soft       

1      .Toiics.  I  I  I 

lj<»«^*aweu Horace  Wells '  ..rlo.      Iron  S«'V<'ral. 

Bradfonl  Kizt^rheir** ' Iron.  <ul-  :;i» 

I  I  p  li  u  r . 

I  inagiie- 

1  1  I      i-ia. 

"^  See  notes  at  end  of  tlr.s  tabic 


(T":mit<-. 

SaJid. 

(iranii'-. 

CImv. 

Sail;!. 


(,)ui<-k— 4iiid. 
(tu.'i.s.-. 


(•:a> 

( irii:'  I" 
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Analysis  of  vxiter  froni  well  at  Mount  Pleasant,  N,  H,  (owner's  sample  No. ;?). 

[PartB  iier  million.] 

Ammonia .   0. 006 

Albuminoid  ammonia .  053 

Total  solids- - - 35.49 

Organic  and  volatile  matter 7. 84 

Mineral  matter _ 17. 65 

Chlorine 975 

Snlphates - - -  - .       None. 

Nitrates - - 1.935 

Nitrites - - Present. 

Oxygen  to  oxidize  organic  matter .941 

No.  15.  The  well  passed  through  material  as  follows:  Gravel,  70  feet;  blue  clay, 
too  feet;  soft  rock,  140  feet. 

No.  16.  Cost  of  well  about  $1,000. 

No.  17.  This  forms  a  part  of  the  water  supply  of  the  city  of  Nashua.  The  well 
is  located  about  150  feet  above  the  level  of  the  sea  and  obtains  its  water  from 
gravel.    Temperature  varies  from  46**  to  63",  according  to  season. 

No.  18.  Two  hundred  feet  of  this  well  are  in  gray  granite. 

No.  19.  The  following  analysis  was  made  by  H.  E.  Barnard: 

Analysis  of  waterfront  well  at  Peterboro^  N.  H, 

[Parts  per  million.] 

Source  of  sample:  Aqueduct  by  lead  pipe. 

Turbidity : None. 

Sediment None. 

Odor None. 

Color 0.0 

Free  ammonia .0 

Albuminoid  ammonia .0 

Nitrates .02 

Nitrites 0 

Chlorine '. .1 

Total  solids 3.9 

Fixed  solids .- 2.2. 

Hardness 1.8 

Iron Traces. 

Lead .19 

No.  20.  Cost  of  well  about  $5,000.    The  boring  was  in  granite  below  50  feet- 
Analysis  by  Edmund  R.  Angell. 

Analysis  of  water  from  well  at  Concord,  N,  H, 

[Parts  i>er  million.] 

Sodium  carbonate 26. 16S 

Sodium  sulphate 34. 20O 

Magnesium  carbonate 3. 2A9 

Iron  carbonate 08^ 

Potassium  nitrate 274 

Calcium  carbonate 46. 513 

Silica ...     9.405 

Sodium  chloride 4. 908 

Alumina 2.904 
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No.  21.  Cost  of  well  about  $6  -per  foot.    Temperattire;  50^ 

No.  22.  The  well  is  located  on  one  of  the  highest  ix)int8  in  the  town,  and  the 
water  U  obtained  from  clay. 

No.  34.  The  following  analysis  is  TeiK)rted  by  owner  (analyst  nnknown).  The 
figures  given  represent  parts  per  million. 

Analysis  of  water  from  well  at  Exeter,  N,  H, 

ColoT,  slightly  milky,  becoming  clear  on  standing;  fair. 
Sediment,  slight:  good. 

Microscopical  examination  of  sediment — A  small  amount  of  clear,  irregnlar  bits 
of  oystalline material  (qnartz,  sand,  and  mica,  apparently),  with  sharp  edges. 
Nothing  to  indicate  any  contamination  from  animal  or  vegetable  matter;  excel- 
lent. 
Odor— Ckdd,  none;  at  38"^  C,  none;  excellent. 
IViste.  none;  excellent. 
Hardness  (2''  on  a  scale  by  which  0^  indicates  perfectly  soft  water,  and  10"  water 

too  hard  to  drink) ;  good. 
Besdoe  of  evaporation: 

Total  (very  good) 121.6 

Loss  on  ig^tion  (excellent) 15. 0 

On  ignition  there  was  no  indication  of  organic  pollution:  excellent. 

C3ilorine  (excellent) .6 

Ammonia: 

Free  (very  good) 07 

Potential  (very  good) 08 

This  is  very  good  water,  one  of  the  best  in  town. 

No.  25.  The  following  analysis  of  water  from  this  well  was  made  by  Henry 
CJarmichael: 

Analysis  of  water  from  well  at  Exeter,  N,  H, 

[Parts  per  million.] 

Total  residue  on  evaporation 133. 8 

Organic  and  volatile  matter 17. 4 

Fiiedmatter 115.4 

Chlorine * 7.0 

Free  ammonia 006 

Alhnminoid  ammonia 01 

Nitrites 0009 

Nitrates..  0006 

The  inorganic  matter  consists  of — 

Saica 11.95 

Iron  and  aluminium  oxides 1 .  50 

(Mcinm  carbonate _ 39. 33 

Calcium  sulphate .     13. 00 

liagnesinm  carbonate 26. 70 

Sodiiun  chloride    . . 15. 65 

'  Potassium  chloride 7. 25 

115.4 
The  sample  was  clear,  colorless,  odorless,  and  with  bnt  slight  sediment. 
No.  29.  The  well  is  located  within  500  feet  of  the  sea. 
Ko.35.  Not  completed. 
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SPRINGS. 

Springs  are  very  numerous  in  the  mountainous  and  more  ruggec 
areas,  and  as  New  Hampshire  is  essentially  a  hilly  State,  it  followE 
that  a  large  part  of  the  rural  supply  is  obtained  from  this  source. 
The  quality  of  the  water  is  almost  without  exception  excellent,  and  if 
the  proper  care  is  taken  in  piping  it  to  the  houses,  entirely  satisfac- 
tory supplies  can  be  obtained.  Spring  waters  are  of  especial  impo> 
tance  in  dairies,  creameries,  etc.,  where  the  low  temperature  is  of 
value.  Mineral  springs  occur  at  a  number  of  points,  and  the  watem 
are  in  some  instances  bottled  and  extensively  sold  for  medicinal  and 
table  use. 

Some  of  the  data  relating  to  springs  obtained  during  1903  are  shown 
in  condensed  form  in  the  following  table: 

Miscellaneous  spring  records  in  New  Hamj^shire. 

[Reported  in  19U3.] 


No. 


1 
♦2 


County. 


Belknap. 
do... 


8   do... 

♦4   do... 

5  !  Carroll. 

0  1 do... 

7  I do... 

*8    do... 


♦9 
*10 

11 

12 

♦13 


do., 
.do.. 


..do... 
..do.. 
..do 


♦U  I do... 

♦15    do... 

1«  I do... 

♦17  i  ChoHhiro 

♦18  ' do... 

♦lU   do... 

ai   do... 

21  ' do... 

♦22  ' do 


23   do... 

24    do... 

25   do... 


♦28 
27 


COOH 

do... 


Locality. 


Belmont 


Center  Harb<»r  . 

do. 

-...do 

Bartlett 

Center  Sandwich 

Conway 

....do 

*Tack8on 

do 


OHHipeo 

do 

South  Tamworth 

Tarn  worth 

Wakefield 

Woinx>ro 

ALste^d  CVmter 

Fitz  William 

Harrisville 

Marlow 

Sullivan 

Walpole 


.....do 

WeHt  moreland 
do 


Dixvillo 


Dummer. 


Owner. 


Belmont    Water 
Co. 

Mrs.  G.W.Arm- 
strong. 

8.  F.  Emery 

F.  H.  Morse 

Jami^Nute 

W,  W.  Jenness . . . 

W.  W.  Mudgett-. 

W.S.NaHh 

C.B.Perkins 

Katherino   P. 
Wormeley. 

F.  K.Hobbs 

Bartlett  Moody. 

J.  L.  Mason 

E.C.  Clarke 

A.  L.  Dow 

A.  F.  Stevenson.. 

H.F.  Hitch 

Mlfw  MaryL.  Wan 

Cheshire  Mills.-.. 

R.  F.  Craig 

«.  W.  Marston... 

Henry  Rawson... 


Qual- 
ity. 


Soft 


..do.. 


Hard 


Soft 


Hard 

Soft. 
..do. 
..do. 
.  .do  - 


Soft- 
Hard 
Soft. 
..do. 
..do. 
..do. 


PrindiMtl 
minend 
constitu- 
ents. 


Sulphur. 


See  note  . 

do.... 

Iron 


Sulphur. 

CO, 

See  note 


Magnesia 
See  note  . 


Yield  per 
minate. 


GcUiona. 
31 


Few. 
Pew. 


10 

2 

Several. 

Few. 


I 


II 


J.  a.  Bellows Hard 

John  Works Soft. 

Z.  Bottom I . .  .do . 


Iron,  sul- 
phur, 
magne- 
sia. 


Several. 
Pew. 


Several. 


Dixvillo  Notch   ...do. 
Corporation.       |  | 

H.N.Pike i.. 

♦  See  notes  at  end  of  this  table. 


Material 
fromwhic 
spring 
emerges^ 


Sand. 
White  sam 


Do. 
Qravel. 


White  San 
Granite. 


White  sai 
Granite. 
Do. 


Rock. 
Granite. 


Slate. 

Sand. 

Clay 
gravel. 


Gravel. 


\':ELr..  ] 


NEW    HAMPSHIRE. 


Hf) 


Miscellnneons  Hpriiuj  records  in  Xnr  HampHhirv — Con  tinned. 


0«>nniv. 


r-««M*aIitv 


Owm^r. 


Principal  I 
Oual-      minenil    .Yi»ldiMT 
ity.     I  ronatitu-  j  miinito. 


Mfttcriul 
from  wbith 


t\)08. 


.do  ... 
(to.  . 

.do I 


do.... 

do....' 

(Jrafton 

do.... 
...do... 


Gorham Uorham    Aque- 
duct ('<>. 

Jefferson  Wm.II.CiTiwford- 

do C  W.  Evans 

do (}.C.  Evans 


Manv.  I 


Soft 
-do 


Iron 


Baodolph L.  M.  Watson : . .  .do 

Shelbumo S.  J.  Morse ' . .  .do 

Stark Benj. Greene ...do 

Alexandria G.  A.  Rollins ..do 


S'o  notr 


Few. 
2) 


Benton Eert  Cox 


Gcxxl 


4 


do... 
do... 


.do 
.do 
.do 
.do 
-do 


do Wm.KendaU !  8<^»ft 

Bethlehem A.  J.  Richardson. . '  Good Several. 

do Crystal  Sprint?     Soft 

I      Water  Co. 

(.^mpton Darius  Moulton do 


.d<. 

dr. 
do 

.d() 

do 
.do 
.do 

.do 
.do 

•1 


-.  ..do '  F.L. Moulton ..do Few. 

Dorchester A.F.Bickford ..do  .J 

Hanover A.W.Fitts ...do     ,  Iron ] 

do W.F.Gale ..do      

Holdemcf  8 Batch  heirs,  etc. ...  .do Several. 

Vvw. 
Several. 


(.{ravel. 

( Jraiiito. 

Gravel. 

^^a  :i  fl    a  i)  <1 
gravel. 

(iranit<'. 

Bluestonc 
(Jranitf. 

!).». 

Do. 

Do. 

Do. 

(Snivel. 
I^o. 


Landaff K. W.Noyes, jr .      

Littleton H.M.Morse Soft 

do IraParker .do 


Iron,  lime 


Iron,  sul- 
phur. 
I 
North  Woodstock   Mrs.  Jas.  Bumey  ...  do  . .    Ir«)n 

Orford Geo.  Wilcox i  .  .do 

Piermont Evans  &  Hill '...do...  See  notes. 

Quinry R.  B.  Clark , . .  .do  . . ' 


ao 

HilhVxirt*. 

do... 

do    ... 

d«>.-.. 

do.... 

...do.... 
d.).... 
..Jo.... 


Warr*-n Breezv  Point  Ho-     Hard.    

tel. 

WrKKl.st'K-k W.  C.  Walker !  Iron,  sul- 

\  ,      Pl»ur. 

B<'nnin>rton Waterworks 

Deering \  F.  D.  Appleton   . .  '  Soft 1 

do lE.C.Hcdton. do        Mai?iies;H  Several 

(ioffs  Falls ,  Devonshire  Mills. , 


Diniostoii". 

Whit*'.' and. 

(travel. 

"Trap." 

Clay. 

Granite. 

Sand. 


V.l 


Hudson H.C.Brown i  S<»ft 

do ,  David  Clement     .  .  .do 

Manchester CtKjjjerative . . do  . . 

.--.do I  E.S.Fletcher    .  ..Hard.    Salt. 

-do...      Mason Jas.  Russell Soft .      Iron 

do I  Na.shuii Pennechuck  Wa-      ..do    .    S»e notes 

'  terworks.  i 

I                                   ■                                    ' 
do ,  New  Ipswich C.  M.  Wheeler do 

-do I  Temple S.  A.  Scammon  . .        .d<>-      Soenotes 

..do West  Deeringr  . . .    C.  S.  McAlister '..do.     Iron 

.  <lo....l  Wilton •  G.W.Parker Seen«)tes 

M^rrima^-    AUenstown Estate  of    Frank     Soft         

I      Jones.  1 

.do I)os<'aw(>n Horace  Wei  l.<i do.      Iron - 

do Bradford '  Kizerheirs .  _    Iron,  sul- 

I  ])  h  u  r  . 

,  inaKn<*- 

!                                       I  ''      sia. 

*  See  notes  at  end  of  tli'.H  table. 


1 
>> 


sr>.K  I 


5 


(t-riJiit.'. 

Sand. 

(.Ti-a!iit'-. 

Clay. 

Sail''. 


Gru'iss. 


1 


S«'Vc]"al. 


(win  . 
( i  rani;  i- 


IKR  10*J— U4- 
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Miscellaneous  spritig  records  in  Neiv  Hampshire — Continued. 


Principal : 

1 

Material 

No. 

County. 

Locality. 

Owner. 

Qual- 
ity. 

mineral 
constitu- 

Yield per 
minute. 

from  whicli 
spriii!? 

1 



—     — — 

—     _ 

ents. 

emers*^ 

OaUons. 

♦78 

M«rrlTnii^ 

Bradford 

Henry  McCoy 

35 

Rock. 

79 

do...- 

Dunbarton 

J.C.Mills 

Soft.- 

i 

•80 

do.... 

Henniker 

Contoocook   Val- 
ley Paper  Co. 

Several. 

•81 

do 

.do 

I 

Several. 
Several. 

Gravel 

•82 

do.... 

Pembroke 

G.P.Little 

Soft.. 

Gravel  and 

sand. 

•83 

do..-. 

West  Concord  . . . 

J.E.Cole 

...do.. 

See  notes. 

•84 

do.... 

do 

G.W.  Phillips 

Seth  Gkx)dhue 

...do   . 

do.... 

do.... 

Few. 
34 

Granite. 

•85 

do.... 

Wilmot 

Clay. 

86 

Rocking- 
ham. 

Brentwood 

T.S.Gordon 

Several. 

Blue  clay. 

♦87 

do.... 

Derry 

Lafayette      Min- 
eral Spring  Co. 

Soft-. 

See  notes. 

1 

Gravel 

♦88 

do.... 

do.... 

EastCandia 

Exeter 

Dearborn  Bros 

' 

Do. 

89 

Wm.      Wadleigh 

i  Soft.. 

5 

Sand. 

heirs. 

1 

•CO 

do.... 

Greenland 

John  Hatch 

Hard. 

See  notes. 

n 

Gravel 

01 

do.... 

Newington 

Fred.  Pickering. . . 

Soft.. 

Several. 

♦02 

do.... 

Newmarket 

Sarah  J.  Chapman 

Hard. 



«) 

•93 

do.... 

do 

Mrs.  S.D.Joy 

...do.- 

20 

Clay. 

•94 

do.... 

;  Plaiatow 

H.N.Hall 

1 

Iron,  sul- 
phur , 
etc. 

3* 

Do. 

•95 

do.... 

do.... 

Rye 

do 

L.B.  Parsons 

Mrs.  P.  A.  Phil- 
j      brick. 

Hard. 
i 

Iron 

R:)ck. 

•9A 

See  note's. 

1 

•97 

do.... 

do 

H.P.Rand 

Good. 

do.... 

4 

Gravel. 

•98 

Strafford. 

Dover 

City 

do... 

•99 

do.... 

Gorham 

Alpine  Aqueduct 
Co. 

Soft.. 

1 

do.... 

1 

Many. 

j 

Sand    an* 

gravel. 

•100 

do.... 

North  Strafford . 

Mrs.    Clark   Ste- 
vens. 

Several. 

101 

Sullivan  . 
do.... 

CharloHtown 

i  Cornish 

W.E.Hunt 

W.D.Lear 

Soft.- 

Slate. 

♦102 

j     -do-. 

Few. 

Gravel 

103 

do.... 

1  Croyden  

I  Perry  Miner 

...do.. 

1 

1      Few. 

Do. 

•104 

do 

do 

J.C.  Ix)vem 

C.O.Hemphill.... 

'  L.    J.    &    N.    A. 
Runals. 

...do.. 
...do.. 

Iron 

2 

Granite. 

♦105 

do... 

do.... 

South  Acworth.. 
Sunapee  

♦106 

do.... 

■ 

"Bed  roc] 

♦107 

do.... 

West  Springfield. 

Carl  Phlllbrick . . 

Soft.. 

1 

do.... 

Few. 

*  See  notes  at  end  of  this  table. 


NOTES  ON  SPRINGS  OF  NEW  HAMPSHIRE. 

No.  2.  This  spring  is  located  near  the  edge  of  a  swamp.  The  water  has  a  tc 
perature  of  42°  and  is  considered  to  be  slightly  sulphureted.  The  spring 
walled  up  and  has  a  rustic  house. 

No.  4.  This  spring  supplies  four  families.  The  water  has  a  temperature  of  \ 
and  shows  a  film  on  the  surface  which  is  considered  to  indicate  its  mineral  ch 
acter. 

No.  H.  This  water,  which  has  a  temperature  of  44 %  rises  in  a  small  reservoir 
feet  long,  12  feet  wide,  and  3  feet  deep,  containing  4,000  gallons.  The  spring 
covered  by  a  building  and  the  water  used  for  medicinal  purposes.  Mr,  F. 
Bartlett,  State  chemist  and  assay er,  reports  the  following  analysis: 
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A^ncUysis  of  tenter  from  spring  at  Conway,  N.  H, 

[Parts  per  million.] 

- - - 11.45 

^rbonate 11.13 

carbonate .  - . . .     1 .  02 

sulphate 3. 07 

oride    _ 8. 05 

I  mineral  matter - 85.70 

;er  belongs  to  the  class  known  as  alkaline  silicated,  contains  qnite  an 
carbonic-acid  gas.  has  an  acid  reaction,  and  is  remarkably  clear  and 
'^n  be  kept  for  any  length  of  time  without  deiwsiting  any  sediment.  It 
I  a  class  of  water  highly  valued  by  the  medical  profession  as  useful  in  a 
diseases,  and  is  considered  an  excellent  drinking  water  for  general  use. 
iklmund  R.  Angell,  chemist  of  the  State  board  of  health,  reported  in 
the  water  is  a  cathartic,  aperient,  and  diaretic,and  is  excellent  as  an 
when  uric  acid  is  secreted  in  excess. 

Analysis  of  vxiter  from  spring  at  Jackson,  N,  H, 

[Parts  per  milljon.  ] 

carbonate -- 10.840 

in  carbonate .  -  - -  - 3. 876 

ulphate - 14.243 

.- 11.132 

hloride - 1. 926 

- 350 

>onate - . . .  Trace. 

- --    --   --- -  Trace. 

42. 367 


lids  obtained  by  direct  weight  of  the  residue 42. 611 

•r  and  volatile  matter 244 

42. 367 

There  are  several  springs,  or  more  properly  spring  wells,  on  this  prop- 
large.st  being  10  feet  in  diameter  and  14  feet  deep.  The  water  is  reported 
to  5  feet  in  one  night. 

There  is  sometimes  a  film  on  the  surface  of  this  spring.  The  water  is 
m\  beneficial  for  rheumatism. 

Considered  to  have  medicinal  properties.  Stomach,  kidnt^y,  and  urinary 
are  benefited  by  its  use. 

An  analysis  of  water  made  by  Fred  W.  Morse,  New  Hampshire  Experi- 
tion,  Durham,  N.  H.,  July,  1894,  is  as  follows: 

Analysis  of  neater  from  spring  at  Wakefield,  N.  H, 

[Parts  per  million.] 

Qonia 0.026 

3id  ammonia 025 

5.33 

(is  after  drying -  -   42. 0 

ds  after  burning - -  -     ^2-  ^ 
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The  water  was  colorless  and  odorless  and  perfectly  dear.  The  solids  neither 
blat^kened  n  r  smoked  on  burning.  These  results  are  very  low  and  indicates 
very  go;)d  water.  P«)isonous  metals  were  not  looked  for  as  description  showed 
no  api)arent  ()i)]>ortunity  for  such  to  be  i)re8ent. 

No.  17.  Temperature,  47  as  delivered  from  pipe.  Taste,  slightly  acrid.  The 
water  is  supposed  to  be  good  for  constipation. 

No.  \S.  This  water,  which  is  from  the  Monadnock  Silica  Spring,  has  a  slight 
odor  and  taste.  The  water  is  considered  to  have  medicinal  properties  beneficii 
for  bladder  and  kidney  difficulties. 

No.  19.  This  spring  supplies  a  considerable  number  of  tenement  houses. 

No.  2*2.  Considered  to  have  medicinal  properties  good  for  blood  humors,  dy»- 
pei)sia,  eto. 

No.  26.  This  water  constitutes  the  supply  at  **The  Balsams,'^  and  also  for* 
trout  h:it<'hery.  An  analysis  of  this  water  shows  it  to  be  almost  exactly  the 
same  as  the  published  analysis  of  the  Poland  Spring  water,  South  Poland,  Me. 
Tliere  an*  j)ossibly  40  or  50  other  si)rings  on  the  hotel  property  of  the  same  generil 
character. 

No.  2H.  There  are  10  or  more  springs  contributing  to  one  reservoir,  from  whid 
the  supply  of  the  village  i  >  obtained. 

No.  29.  Supplies  two  houses  and  bam.     Temi)erature,  40\ 

No.  aO.  Temperature,  40  . 

No.  ai.  Temperature,  89   to  40  . 

No.  82.  Temi)erature,  42\    Supplies  the  Ravine  House,  cottages,  store,  etc. 

No.  83.  Tenii)erature,  45".  Considered  beneficial  in  kidney  and  bladder  dis- 
eases. An  analysis  by  F.  L.  Bartlett,  made  in  1887,  is  as  follows:  Water  contaiD* 
84.54  parts  of  solids  jjer  million,  consisting  of  a  trace  each  of  chloride  of  sodiuo. 
carbonate  of  lime,  carlwnate  of  magnesia,  silica,  and  organic  matter.  The  valt» 
of  this  water  lies  in  its  remarkable  purity. 

No.  36.  Temperature,  40  . 

No.  87.  Temperature.  44  . 

Nos.  iiS  and  89.  Temperature,  60  .  This  prol)ably  represents  the  sunamerin**' 
imum. 

No.  45.  Furnishes  the  supply  for  Holdemess  School,  etc. 

No.  48.  The  water  is  considered  to  have  medicinal  properties  beneficial  in  ca8* 
of  kidnev  disease. 

No.  51.  This  water  is  considered  to  have  medicinal  properties.     An  analysis  W  ] 
E.  J.  Burtlett.  made  in  1H81,  is  as  follows: 

Analysis  of  iratcr  front  s])ring  at  Piernwnt,  N.  H. 

[Parts  i)or  million.] 

Total  solids  at  180   C.                    . IW.^ 

Organi:!  and  volatile  . . 10.* 

Iron  and  aluminum  oxides  ( Fe.,( ),.  Al./)^)    .   t^ 

Silica  (SiO,). 1S.T  | 

Calcium  oxide  (CaO) (W.I 

Sulphur  trioxide  (SO3) " 27.* 

Carbon  dioxide  (CO.)  . . 56.* 

Magne.sium  oxide  ( MgO) 2.1 

Sodium  (as  Na ) ,  including  a  very  little  potassium 4.1 

Chlorine  (CI) 5.5 

183.  t| 
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» 


f  Tiie  magnesium  and  iron  probably  exist  in  the  water  as  carbonates  or  bicarbon- 
:    ates,  and  the  remainder,  or  the  CO,,  forms  a  bicarbonate  with  part  of  the  lime. 

No  "iS.  Located  on  the  grounds  of  the  Breezy  Point  Hotel.  The  water  is  con- 
si .  red  to  be  good  for  rheumatism. 

No.  57.  Temperature,  45".  After  boiling,  a  white  scnm  forms  on  the  surface  of 
the  water. 

No.  58.  The  water  of  this  spring  is  used  in  the  corporation  houses,  supplying 
i\  families. 

No.  69.  There  are  a  number  of  other  springs  in  the  meaflow  land  near  by.  one  of 
which  is  10  feet  in  diameter  and  always  full. 

No.  70.  This  constitutes  the  supply  of  the  city  of  Nashua.  An  analysis  by 
Henry  J.  Williams  of  water  taken  from  one  of  the  surface  springs  is  as  follows: 

Analyifia  of  water  from  spring  at  Nashua,  y.  JI. 

[Parts  per  million.] 

Total  solids... 37.0 

Unvolatile  and  organic  matter 5.0 

Fixed  solids  or  mineral  matter . .  ;J2. 0 

The  mineral  matter  contains —  ' 

Silica Trace. 

Sesqnioxide  of  iron Faint  trace. 

Alumina _. None. 

Lime 14.2 

Magnesia .    1.4 

Sulphuric  acid .  4. 98 

CTilorine 2.0 

Degreeof  hardness 1.").  0 

Free  ammonia . .  . .01 

Albuminoid  ammf)nia 03 

N).  71.  Kidney  troubles  are  benefited  by  the  use  of  this  water. 

No.  72.  Reported  to  possess  medicinal  proi>erties;  beneficial  for  gout,  dysi^psia, 
rheumatism,  eczema,  sugar  diabetes.  Bright's  disease,  liver  troulde.  An  analysis 
hy  Thomas  Heys  of  this  water,  which  is  from  the  Pack  Monadnock  lithia  sjiring, 
is  as  follows: 

Analysis  of  water  from  spriiia  at  Temple,  N.  II, 
[Grains  por  impc^rial  gallon.] 

Lithium  bicarbonate . lO.  408 

Sodium  bicarbonate 5. 262 

Iron  bicarbonate .     . .  .  304 

Calcium  carbonate .770 

Magnesium  carbonate .       .  .  _ 294 

Potassium  sulphate .511 

Potassium  chloride - .   . .    .  1 80 

Sodium  chloride - -   -  -  -   .340 

Sodium  bromide - Trace. 

Silica  and  alumina - .  980 

Free  and  combined  ammonia .  008 

Total - -  -^057 
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No.  74.  Edmund  R.  Angell.of  the  State  board  of  health,  reported  the  following 
in  1893: 

Analysis  of  ttniter  of  Wilton  mineral  spring. 

[Parts  per  millon.] 

Magnesium  carbonate —      5. 36 

Calcium  carbonate - .   .   15. 78 

Calcium  sulphate . . -     7. 35 

Sodium  chloride .    .  8. 21 

Silica - -  -   15. 75 

Iron  carbonate - Trace. 

Alumina Trace. 

Volatile  and  combustible  matter ...     5. 18 

Total  solids 56.94 

No.  75.  This  is  a  spring  i)ond  of  about  25  acres  in  extent.  The  wat«r  is  colored 
by  organic  matter,  but  an  analysis  by  H.  E.  Barnard  shows  it  to  be  in  other 
respects  of  good  quality. 

No.  77.  An  analysis  shows  the  presence  of  carbonate  of  soda,  magnesia,  and 
lime;  chloride  of  sodium  and  potassium;  sulphate  of  lime,  oxide  of  iron  and 
alumina;  sulphur,  organic  matter,  carbonic  acid.  There  is  a  little  film  on  the 
surface  of  the  water.  The  water  has  been  shipped:  valued  at  50  cents  per  dozen 
quarts.    Considered  beneficial  for  humors,  scrofula,  skin  diseases,  and  dyspepsia. 

No.  78.  Water  analyzed  by  Doctor  Jackson.  Contains  carbonate  of  soda,  mag- 
nesia, and  lime;  chloride  of  sodium  and  potassium;  sulphate  of  lime,  oxide  of  iron 
and  alumina;  sulphur,  organic  matter,  and  carbonic  acid.  Rei)orted  beneficial  in 
cutaneous  diseases. 

No.  80.  Used  for  manufacture  of  i)aper  and  for  domestic  supplies. 

No.  81.  Supplies  15  families  and  the  boilers  of  a  creamery  and  a  Ik»x  factory. 

No.  82.  Part  of  this  water  is  bottled  for  use  on  the  table.  Contains  some  organic 
matter,  but  no  injurious  impurities. 

No.  83.  An  analysis  of  the  water  by  H.  E.  Barnard  is  as  follows: 

Analysis  of  water  of  »pring  at  West  Concord,  N,  H, 

[Parts  per  million.] 

Free  ammonia None. 

Albuminoid  ammonia . . . '. None. 

Nitrates None. 

Nitrites None. 

Chlorine 1.25 

Total  solids .54.0 

Fixed  solids 81.0 

Hardness ...    .       .12.0 

Lead Trace. 

Turbidity None. 

Sediment None. 

Odor Veryslight. 

Color - None. 

This  is  a  very  good  water.    The  trat^es  of  lead  are  too  slight  to  cause  any  dis- 
turbance in  the  system. 
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No.  H.  Temperatnre,  42**.  An  analysis  of  the  water  by  H.  E.  Barnard  is  as 
follows: 

Analysis  of  water  of  spring  at  West  Concord,  N,  H. 

[Parts  per  million.] 

Color .  None. 

Free  ammonia None. 

Albaminoid  ammonia None. 

Kitrates .  1 50 

Nitrites None. 

ChloriDe - 1 .  i?r)0 

Total  solids 41.0 

Fixed stlids _ 30.0 

Hardness 7. 00 

Iron - None. 

Lead None. 

Turbidity None. 

Sediment None. 

Odor None. 

This  is  a  very  good  water. 

No.  Wi.  Temx>^ratnre,  45'.  There  is  a  film  on  the  surface  of  the  water.  The 
water  is  considered  to  have  medicinal  proi)erties;  beneficial  in  cases  of  salt  rhenm, 
serofnla.  impnrc  blood,  and  all  external  diseases. 

No.  87.  It  is  carbonated  saline  water;  I enefits  constipation.  E.  R.  An^ell,  who 
who  examined  the  water,  reports  as  follows: 

Analysis  of  ttater  of  spring  at  Derry,  N.  H, 
[Parts  per  million.] 

Calcinm  carbonate. 33. 39 

Magnesinm  carbonate 22. 40 

Sodium  carbonate . .   9.15 

Calcium  snlphate 7.93 

3(agnesinm  sulphate 3.r)2 

Sodium  sulphate 7.60 

Potassium  sulphate 4. 25 

Sodium  chloride 4. 52 

Silicicacid 18.228 

Ph<)Kphoric  acidi  .^^P 

Oiide  of  iron  . .  J 

Total  nonvolatile  solids _ 112.518 

No.  88.  Used  in  factory  and  house.    Reported  beneficial  for  indigestion. 

Xo.  90.  This  is  one  of  a  system  of  large  springs  within  half  a  mile,  breaking  out 
fri)m  a  clay  l)ed  at  the  edge  of  a  gravel  ridge.  The  springs  are  about  1 5  feet  above 
high-tide  water.  Analysis  by  State  laboratory  of  hygiene,  August  12,  1902; 
reporttd  by  owner  (analyst  unknown). 

Analysis  of  water  from  spring  at  Greenland,  N.  II. 

[Parts  per  million.] 

Free  ammonia - -    0.018 

Nitrates -    1.500 

Nitritfs.... ----  .0 

Chlorine - 8. 500 

Totalsolids - 1«9.0    . 

Fiiedsolids 93.0 

Hardness <  0. 0 
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Analysis  of  wiiter  from  well  at  3fouHt  Pleasant,  N,  H.  (owner'B  sample  No.  S), 

[PartH  per  million.] 

Ammonia OJ 

Albuminoid  ammonia M> 

Total  solids 35.4» 

Organic  and  volatile  matter 7.  W 

Mineral  matter 17.65 

Chlorine W8 

Sulphates Nona. 

Nitrates l.SB 

Nitrites PrwoiL 

Oxygen  to  oxidize  organic  matter 941 

No.  15.  The  well  passe<l  through  material  as  follows:  Gravel,  70  feet;  blue  daji 
100  feet;  soft  rock,  140  feet. 

No.  16.  Cost  of  well  alK)ut  $1,000. 

No.  17.  This  forms  a  part  of  the  water  supply  of  the  city  of  Nashua.  The  weO 
is  located  about  150  feet  above  the  level  of  the  sea  and  obtains  its  water  frott 
gravel.    Temperature  varies  from  46"  to  63**,  according  to  season. 

No.  18.  Two  hundred  feet  of  this  well  are  in  gray  granite. 

No.  19.  The  following  analysis  was  made  by  H.  E.  Barnard: 

Analysis  of  water  from  well  at  Peterboro,  N,  H. 

[Parts  per  million.] 

Source  of  sample:  Aciueduct  by  lead  pipe. 

Turbidity None 

Sediment None 

Odor None. 

Color - O.O 

Free  ammonia 0 

Albuminoid  ammonia - 0 

Nitrates _ . .OS 

Nitrites 9 

Chlorine _ '. 1 

TotalsolidH 8.9 

Fixed  solids %X 

Hardness 1.8 

Iron Tnoes. 

Lead 19 

No.  20.  Cost  of  well  about  $5,000.  The  l)oriug  was  in  granite  below  50  feet 
Analysis  by  Edmund  R.  Angell. 

Analysis  of  water  from  well  at  Conconl,  N,  H, 

fPartH  p»»r  million.] 

Sodium  carl)onato 26. 188 

Sodium  sulphate 84.S0( 

Magnesium  carlx)nate 8.24i 

Inm  carbonate 06( 

Potassium  nitrate 87' 

Calcium  (*arbonato 46.51 

Silica _ 9.40 

Sodium  chloride 4.90 

Alumina 2,9C 


VERMONT. 


By  Gborqe  H.  Perkins. 


SOURCES    OF  WATER    OF   TOWN8. 

In  the  following  notes  both  the  general  source  of  supply,  such  as 
private  wells,  springs,  etc.,  and  the  public  and*  private  systems  in 
nse  iu  the  large  cities  and  towns  are  considered.  While  a  large 
number  of  the  inhabitants  are  still  supplied  from  their  own  privates 
springs,  public  supplies  have  been  installed  in  a  very  large  number 
of  towns.  This  is  because  of  the  unusual  abundance  of  springs  and 
the  consequent  ease  and  cheapness  with  which  public  systems  can  be 
installed.  At  least  65  towns  and  villages  have  more  or  less  complete 
•^vstems,  owned  either  b}'  the  town  or  b}'  corporations  or  private  indi- 
viduals. In  several  communities  a  number  of  systems  are  in  use. 
In  the  following  tables  there  is'  given  a  summary  of  the  source  of 
J^upply  of  75  of  the  more  important  cities  and  towns  of  the  State. 
Following  the  tables  is  a  series  of  numbered  notes,  corresponding 
with  the  numbers  of  the  individual  towns  in  the  table,  which  give 
additional  data  in  regard  to  the  water  supplies. 

Table  of  sources  of  water  of  Vermont  town.s. 

[Reported  in  190a] 


Xo. 


Town. 


County 


Mostrommon    Public  sup- 
source.       I  ply. 


•I    Arlington. 

If    Barnet 

♦3    Barre 


Bennington Springs Springs 

Caledonia do None... 

Washington 


.-do Springs  and 

stroams. 


•4    Bellows  Falls 
•5     Bethel 


•«    Bolton  .  . 
♦7     Bradford 
♦>»     Brandon . 


Windham Pond... 

Windsor Springs 

Washington do  . . 

Orange do . . 

Rutland I  Pond... 


Pond 
None 


*9  Bridgewater  Corners 

10  Center  Rutland 

11  Chelsea 

•12  Chester 

13  Corinth 

14  Danby 

!-'>  Danville 

16  Derbyline 

•17  Ea8tBamet 


Windsor . 
Rutland.. 
Orange... 
Windsor . 
Orange. . . 
Rutland.. 
Caledonia 
Orleans  . . 
Caledonia 


Springs 
Pond... 


Springs None 

do Springs 

Wells None 

Stream Stream 

Wells None... 

Springs Springs 

Wells None... 

Springs Springs 

do do. . 


*  See  notes  at  end  of  this  table. 


Authority. 

C.  L.  Tombs. 
F.  H.  Colby, 
a.  H.  Perkins. 

A.  Coolidgo. 

CD.  Cu.shing. 

O.  A.  Pease. 

F.  H.  Everett. 

Superintendent   wa- 
terworks. 

E.  H.  Shattuck. 
Dr.  E.  A.  Slade. 
W.  P.  Townshend. 

F.  W.  Pierce. 
A.  H.  Sargent. 
E.  J.  Roo<i. 

C.  D.  Brainord. 
H.  S.  Haskell. 
C.  T.  Kendall. 
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Tabic  of  sources  of  water  of  V\>rmont  towns — Continued. 


No.i 

♦IK 

19 
♦20 

21 
♦22 

♦2a 

♦24 
♦25 

26 

27 
♦28 

29 
♦30 

31 

32 


*?>: 


50 

61 

♦52* 

♦53 

♦51 

♦5:> 

56 

57 

W 

♦59 

♦CO 

HI 

62 

♦63 

♦64 

♦65 

06 

67 

68 


Town. 


County. 


East  C'onoord . 

Fairfax 

Franklin 

Glovor 

Granville 

Groton 

Hartford 

Hydepark 

Irasburg.. 

Island  Pond  . . 

Jamaica 

Jeflfersonville. 

Johnson 

Lincoln 

Lowell 


Mostcommonl  Public  sup- 
source,  ply. 


Essex Sprinjfs :  None 


.do 


Franklin 

.....do 

Orleans 

Addison 

Caledonia I do 

Windsor do 

Lamoille 

Orleans 

Essex 

Windham 

Lamoille 

do 

Addison 

Orleans 


Wells ! do.. 

Sprinjfs I do . . 

do Springs 


None. 


do 


♦33  ;  Ludlow 

♦34     Lunenburg 

♦3."»  '  Manchester 

Marshfleld 

Mechanicsville 
Middleburg 


Middl^tex  . 
Montpelier 


♦38 

♦^ 
♦4() 

♦41 
♦42 
♦43 
♦44 

45 
♦46 

47 
♦48 
♦49     Proctor 


Windsor 

Essex 

Bennington . 
Washington 

Rutland 

Addison 


Morgan  Center . 

North  field 

North  Thetford 

North  Troy 

Norwich 

Pittsford 

Plainfleld 

Poultney 


Rochester 

Roxbury 

•Rutland 

St.  Albans 

Shoreham 

South  Danville 

Springfield 

Stevens  Mills . . 

Stowe 

Sudbury 

Vorgennes 

Wallingford   .. 

Wardsboro 

Waterbury 


Washington 
do 


Orleans 

Washington 

Orange  

Orleans 

Windsor 

Rutland 

Washington 

Rutland 

do 


Windsor 

Washingrton 

Rutland 

Franklin 

Addison 

Caledonia . . . 

Windsor 

Franklin 

Lamoille 

Rutland 

Addison 

Rutland 

Windham... 


Springs 

do do 

do I  None 

do Springs 

do do 

...  .do ' do 

do do 

Wells I  None 

Springsancl  , do 

orooks.       ! 

Springs Springs 

do ' do 

do I do 

do do 

do I  None 

Wells     and     Springs 

springs.      I 

Springs do 

Springsand  |  Pond 

pona. 

Springs None 

do Springs  (>) 

do do 

.-..do 


Authority, 

Ira  Grant. 

A.  B.  Beeman. 

J.  M<Clellan. 

I.  M.  Riker. 
H.C.  Pease. 
E.  C.  White. 
W.  D.  Tyler. 
M.  B.  Ladd. 

E.  M.  Melvin. 


D.  B.  Curtis. 
W.M.Bixl)y. 

M.  E.  Bockley. 


M.  W.  Miles. 
Doctor  Lindsley. 


do 
do 
do 


.....do 

do 

do 

do 

Lake Lake 

Springsand     Springs 

cisterns. 

Springs do 

do I do 

Brooks Bro«)ks | 

Reservoir. . . '  Reservoir. . . 

Wells I  None ' 

do do.. 


H.  P.  Cummings. 

D.W.Stewart. 
C.  C.  Fenton. 
J.  Chamberlain. 


Springs 

None 


River  . . 
Springs 
Wells  . . 
Washington Springs 


Springs 

Wells 

Springs Springs 

Wells None... 


River 
None. 


I 


Waterbury  Center 

West  Addison 

West  Charleston  . . . 

West  Concord 

West  Glover 


do do.. 

Addison '  Wells.. 

Orleans do . . 

I 

Essex Springs 

Orleans do    . 


Brooks  and 
springs. 

Springs 

None 

do 

..do 

do 


J.  W.  Howe. 


A.  Far  u  ham. 

B.  F.  Badger. 
F.G.ElliFx>n. 
C.P.Stevens. 
A.H.Cheney. 
E.C.  Spooner. 


H.E.Kidder. 
Mr.  Moody. 

D.  H<»pkins. 
F.  W.  Fisher. 
C.  S.  Brainerd. 

Lymau  Baker. 


♦S<»e  notes  at  end  of  ibis  tuolt*. 
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Table  of  sources  of  water  of  Vermont  tovnis — Continued. 


No. 


•71 


Town. 


County. 


Windham. 


73 
74 
75 


I 


Westminster 

West  Rutland |  Rutland 

Whiteriver  Junction '  Windsor 

Wilder '  Windham... 

Windsor *  Windsor 

\  Wolcott i  LAmoille 

'  Woodford Bennington. 


Most  common 
source. 


Springs 

Wells  .. 

Springs . 

....do.. 

...-do.. 

....do.. 

....do.. 


Public  sup- 
ply. 


Authority. 


None... 

do.. 

Springs 

do.. 

do.. 

None 

do.. 


( '.  C.  KinKman. 

M.  J.  I.ieach. 
D.W.Oleason. 


*  See  notes  at  end  of  this  table. 

NOTES  ON  SOURCES  OP  WATER  OP  VERMONT  TOViTNS. 

No.  1.  Formerly  Arlington  was  supplied  by  wells,  there  being  one  or  more, 
^th  a  depth  of  20  to  40  feet,  to  each  residence.  The  town  now  has  an  abundant 
snpply.  furnished  by  the  Arlington  Water  Company  and  coming  from  a  large 
spring  in  the  limestone- on  Red  Mountain,  a  quarter  of  a  mile  away.  The  water, 
tliongh  classed  as  hard,  is  used  for  all  domestic  purposes. 

No.  2.  Spring  water  is  especially  abundant  in  this  region.  A  number  of  private 
pipes,  supplying  from  8  to  20  families,  are  in  use. 

No.  3.  Barre  has  a  municii)al  supply  from  brooks  and  a  number  of  private  pipe 
Hues  from  springs  in  the  near-by  schist.  The  municipal  supply  is  by  gravity 
systtm,  with  a  pressure  of  130  pounds. . 

No.  4.  The  supply  is  by  a  gravity  system,  with  pressure  of  150  pounds,  and  is 
owned  by  the  town. 

No.  5.  Nearly  every  residence  has  its  own  spring. 

No.  6.  A  mountain  town,  with  probably  100  springs  within  a  radius  of  a  mile. 

No.  7.  Spring  water  is  collected  in  reservoirs  and  delivered  to  town  by  a  gravity 
system:  pressure,  100  pounds. 

No.  8.  The  town  supply  is  from  Hitchcock  Pond,  which  is  fed  by  springs  and  a 
few  small  brooks.     It  is  distributed  by  a  gravity  system. 

N').  1).  Abundant  spring  water  is  obtained  from  a  glacial  dei)osit  on  nearly 
^'^•ery  farm. 

No.  12.  The  town  is  8upi)lied  by  the  Chester  Water  Company  from  a  small 
stream  2  miles  distant. 

No.  IT.  A  part  of  the  town  is  supplied  by  the  East  Bamet  Water  Company, 
^^it'h  pipes  water  from  a  spring-fed  reservoir  of  75  barrels  capacity.  Many  of 
^^e  people  are  supplied  fr(.m  private  springs. 

^0. 18.  An  abundant  spring  supply  is  obtained  fnmi  the  granitic  rcxtks  of  the 
vicinity. 

No.  20.  The  village  is  supplied  from  a  spring  with  a  capacity  of  75  gallon.s  per 
^iiint«;  temperature,  Ah\ 

No.  22.  Tlie  town  is  well  supplied  by  springs  cm  individual  farms. 

No.  23.  Springs,  some  of  them  large,  abound  in  this  region,  and  furnish  uniiile 
applies  for  all  purposes. 

No.  24.  The  supplies  are  from  several  springs  and  from  Caesar  Brook. 

No.  2.").  The  town  is  partially  supplied  from  sx)ring8  owned  by  private  i)iirties, 
^^e  remainder  obtaining  their  water  from  springs  on  individual  farms. 

^^'«  28.  About  20  families  are  supplied  from  a  group  of  15  springs.  Scattered 
'aims  obtain  their  water  frcm  their  own  springs. 

No.  30.  A  part  of  the  town  is  supplied  from  springs,  by  Waterman  &  Welch, 
while  a  large  jKjrtion  of  the  remainder  takes  its  wat^^r  from  the  Johnson  Water 
Company,  which  obtains  its  supply  from  a  brook  fed  by  several  large  springs. 
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No.  Jj:i  The  supply  of  Ludlow  comes  from  springs  600  feet  above  the  town.  Not 
more  than  half  the  flow  is  required  to  meet  the  demand  of  the  town  at  the  present 
time. 

No.  84.  In  addition  to  the  ordinary  springs  there  are  a  number  of  mineral  springs 
in  the  locality,  but  no  use  is  yet  made  of  them. 

No.  35.  A  considerable  part  of  the  supply  comes  from  the  Equinox  Springs,  in 
the  mountains  east  of  town.  The  water  is  used  by  the  large  summer  resorts 
at  this  place. 

No.  37.  Nearly  all  families  are  supplied  from  their  own  springs. 

No.  38.  The  domestic  and  hydrant  supplies  of  Middlebury  are  mainly  from  a 
spring  at  Bristol  Notch,  700  feet  above  the  town. 

No.  39.  The  supplies  at  Middlesex  are  fumisheil  by  a  numl)er  of  private  pipes 
from  springs. 

No.  40.  Montpelier  has  several  water  systems,  including  one  public  and  several 
private  supplies.  The  town  supply  is  from  Berlin  Ponds,  which  are  largel>  fed 
V»y  springs. 

No.  41.  The  local  supplies  are  from  springs  in  drift  and  in  metamorphic  scljist 
or  granite.    The  temperature  is  said  to  range  from  35^  to  47  \ 

No.  42.  Northfield  is  supplied  by  two  private  systems. 

No.  43.  The  Union  Water  Ck>mpany  and  the  North  Thetford  Water  Company 
supply  most  of  the  village. 

No.  44.  North  Troy  is  supplied  by  two  companies,  obtaining  their  water  from 
springs.  Many  of  the  inhabitants,  however,  obtain  their  supply  from  private 
springs. 

No.  46.  Pittsford  has  a  public  gravity  system,  from  large  springs  on  a  near-by 
mountain. 

No.  48.  The  Poultney  public  supply  is  from  Crystal  Lake,  Hampton,  N.  Y.,  200 
feet  above  the  village.    Some  wells  and  springs  are  also  used. 

No.  49.  Proctor  is  supplied  by  a  public  gravity  system  from  springs. 

No.  52.  Rutland  is  supplied  from  the  spring- fed  Mendon  Brooks,  the  water 
l)eing  distributed  from  one  5,000,000-gallon  reservoir  and  a  number  of  smaller 
o!ies.     The  supply  appears  to  be  insufficient  in  times  of  prolonged  drought. 

No.  53.  St.  Albans  is  supplied  from  a  258,000.000-gallon  reservoir,  located  4 
miles  from  and  500  feet  above  town,  and  fed  by  brooks.  The  water  is  distributed 
by  a  gravity  system. 

No.  54.  The  wells  are  mainly  from  20  to  60  feet  deep,  but  some  enter  the  Tren- 
ton limestone  and  Utica  shale. 

No.  55.  The  wells  at  South  Danville  are  mainly  shallow  and  the  water  hard. 

No.  59.  Kome  of  the  wells,  although  only  5  to  15  feet  deep,  flow  at  the  surface. 

No.  60.  The  water  at  Vergennes  is  pumped  from  Otter  Creek  and  pii)ed  through 
tlie  town. 

No.  63.  The  larger  part  of  the  supply  at  Waterbury  is  piped  from  a  group  of 
springs  l)eyond  Waterbury  Center,  10  miles  to  the  north.  Two  private  companies 
also  supply  some  water. 

No.  64.  Waterbury  Center  is  partly  supplied  by  Hopkins  &  Co.  from  a  group 
of  springs. 

No.  65.  West  Addi*  on  is  supplied  from  wells  and  cisterns.  The  well  wat^r  is 
from  limestone,  and  is  so  hard  that  cistern  water  is  preferred. 

No.  70.  A  water  system  is  contemplated. 

No.  71.  The  town  supply  is  from  a  20,000,000-gallon  reservoir,  filled  from  spring- 
fed  brooks. 

No.  72.  Wilder  is  supplied  by  the  Alcott  Water  Company,  whi(  h  obtains  its 
water  from  springs.  It  is  distributed  througli  the  village  by  ram  and  natural 
head. 
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anajjy&t:s  of  vi'^rmont  waters. 

The  analyses  given  in  the  following  table  were  made  by  the  labora- 
tory of  hygiene  of  the  Vermont  State  board  of  health  and  fiiriii8h(»d 
throngh  the  courtesy  of  that  board.  The  analyses  are  representative 
of  the  waters  used  tor  both  public  and  private  supplies  throughout 
ilie  State. 

The  total  solids  represent  the  actual  amount  of  mineral  or  organic 
matter  in  the  water  under  ordinary  conditions,  while  the  fixed  solids 
show  the  amount  of  mineral  matter  remaining  after  the  driving  oft  of 
theore:anic  matter  and  the  carbon  dioxide  and  other  volatile  portions 
of  the  mineral    matter    by  heating.     The   figures  for  albuminoid 
ammonia  indicate  the  total  ammonia  present  in  organic  combination, 
while  the  free  ammonia  represents  the  amount  which  is  uncombincd. 
Xeither  is  in  it.self  an  absolute  indication  of  the  quality  of  the  water, 
but  ID  general   au  association  of  high  ammonia  with  high  chlorine 
indicates  pollution  by  sewage.     Nitrites  and  nitrates,  which  repre- 
sent .<itages  in  the  progressive  oxidation  of  free  ammonia  to  mineral 
matter,  are  omitted  from  the  table,  as  there  are  none  reported  in  most 
of  the  analyses.      Turbidity,   color,  and  odor  were  omitted  for  the 
same  reason.      The  waters,  as  shown  by  the  analyses,  are  in  general 
remarkably  pure,  only  a  few  showing  the  faintest  suspicion  of  pollu- 
tion.   Probably  nowhere  outside  of  New  England  can  waters  of  such 
pnrity  be  found. 
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w  Vermont. 


Depth 
loprin- 
djal 
water 
wpply. 


Feet. 

137 

aoB 


Height 

of  water 

above 

(+)or 
below 

(-) 
mouth 
of  well. 


Feet 
-28 
-3 


Quality. 


Supply 

J?er 
nute. 


Material  in  which  well 
starts. 


Gallon*. 


I  Hard. 
...do 


60 


Utica  shale 

Qoatemary  deposits 


Hource  of  supply. 


No. 


Uticashale ,  •! 

do *2 

•a 

Utif-a  shale 4 

Ordovician  limestone ...  *5 

Cambrian  sandstone *6 

Cambrian •? 

Cambrian  sandstone *S 

Cambrian  red  sandstone     *9 

TUl 'lO 

Cambrian  (?) \    11 

Uticashale !    12 

do ns 

Ordovician  limestone  ...  U 

Trenton  (?) 'IS 

Utica  or  Trenton  slate . .  16 

Trenton  shale 17 

I 

Trenton  slate i    18 

Glacial  drift *\9 

Ordovician "JH) 

do *21 

Beekmantown limestone,  ^22 
do *'£i 


S4 

aw 
so 


138 
100 


0 
-10 
-15 
-15 

-42 

+18 

+4 


15 


Hard. 

do 

do 


(?) 


Utica  shale  . 
Glacial  dHf  t 
do 


30O 


-5a» 


.do 
.do 
.do 
.do 
do 


2-3 


15 
8-5 


15 
SO 


-15 

fO 

-15 


I  Jdediam. 

Soft 

Hard.... 
....do... 


20 

15-20 

8-4 


Quaternary   clays  and 
sands. 

Glacial  drift 

do 

Recent  clasrs 

Glacial  drift 

....do 

....do 

Quaternary  clay 

Glacial  drift 

do 


100 

o8 

35 

90 

310 

375 
80 


-6 
-45 
-29 
-15 


lOU 
100 


Soft.. 
Hard. 
Soft.. 
Hard- 
do 


5 

6 

00 

52 

110 


Quaternary    clay    and 
sand. 

i  I  Ordovician  slate 

Glacial  drift 

Ordovician  limestone  . . . 

Glacial  drift 

....do 

....do 

...do 


-KW  i  Soft 


55 

as 

30 
190 

m 

IH) 


-6 
42 

15 

-aaf 

30 
40 
15 
15 


42     Quaternary    sand    and 
I     clays. 

Ordovician  beds 


Beekmantown  or  Calcif-     *24 
erous  limestone.  I 

Limestone, etc ♦25 


Hard;  iron. 

Hard Glacial  drift 

Alkaline...  1    do 

Hard 

do 


Ordovician  beds. 
Ordovician  beds. 


Soft.. 

do 

Hard. 


12 


170 
20 

m 

si 

2b  ' 

I 

Aw      I 

to  ' 

«5l 


fOto4 

-15 

2U 

-10 

-6 

-3 
-25 

+  0 

-20 

+0 


Hard 

do 

do 

....do 
do 


5 


0 


Quaternary  deposits 

Glacial  drift 

do 


20 
27 

28 


Quaternary  grave "31 

Cambrian  slate "32 

Uticashale i    SJ 


Utica 

Glacial  drift ;  Ordovician  l>od»  

Quaternary  deposits I  Ordovician  limestone 

Glacial  clay do 

Ordovician  limestone do 


....do 
...do 
...do 
...do 
...do 


21 


Quaternary  drift Ordovician  or  Cambrian 

'      schist. 

Ordovician  slate Ordovician  slate 

Glacial  drift Ordovician  schist 

Utica  (?) I  Ordovician  beds 

Ordovician  beds do 

Glacial  drift 


Cl^mbrian  red  sandstone 


m 

38 
♦39 

40 

♦41 

♦42 

43 

44 
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Well  reco 
[Repoi 


No. 


♦1 

♦2 

♦3 

4 

•5 
♦6 


♦8 
♦9 

♦10 
11 
12 

♦13 


♦16 
16 
17 

18 
♦19 

20 
♦21 
♦22 
♦23 
♦24 

♦25 

28 
27 
28 

♦29 
30 

♦31 
32 

3:^ 

♦34 

♦35 

36 

37 

38 

♦39 

40 

♦41 

♦42 

43 

44 


Locality. 


County 


Albnrg Qi-and  Isle... 

do ' do 

Bennington '  Bennington.. 

Benson i  Addison 

Bridport do 

Barlington Chittenden  .. 

do ' do 


do 
.do 
.do 
-do 
.do 
.do 


do 
do 
do 
.do 
.do 
do 


14     Charlotte ' do 


.do 
.do 
.do 


do 

Colchester 

Ferrisburg 

do 

Port  Ethan  Allen. 

do 

do. 


.do 


Graniteville  (Barre) 

Hinesburg 

Hortonville 

Lewiston 

Middleto'^n  Sprinifs 
North  Ferrisburg . . . 

Pawlet 

St.  Albans 


do 
.do 
.do 

.do 


do 

Addison 

do 

Chittenden  . 

do 

do 


do 


Shelburne 

Shoi-oham 

South  Burlington 

do 

do 


Washington 
Chittenden  . 

Rutland 

Windsor 

Rutland 

Addison 

Rutland 

Franklin..-. 


Chittenden  . 

Addison 

Chittenden  . 

do 

do 


Owner. 


H.  L.  Brayton . . ., 

Rutland  R.R 

H.W.Putnam 

CH.Mkhana 

Elisha  Smith 

Champlain  Mfg.  Co. . . 
Wells-Richardson  Co. 


U.A.Woodbury 

Venetian  Blind  Co 

Gas  Co 

A.  B.  Kingsland 

C.C.  Barker 

Burlington  Rendering  Co. 

A.A.Byington 

H.  J.  Carpenter 

Henry  Thorp 

Mrs.E.Meech 


John  Lewis 

Clark  Rood 

L.E.Avery 

R.D.Booth 

United  StatesGovemment 

do 

do 


do 


Talcott do 


Westhaven 

Whiteriver  Jum-tion 

Whiting 

do 

Winooski 


Rutland 

Windsor . . . 

Addison 

do 

Chittenden 


James  Gazely 

H.M.Wilson 

B.F.Babbitt 

H.P.Hoods 

H.W.Russell 

H.H.  Kingsland 

Frank  Dean 

Franklin  County  Cream- 
ery. 

Dr.  W.S.Webb 

A.Farnham 

H.B.Chittenden 

C.E.Miner 

H.H.Wheeler 

John  Field 


F.  H.  Jackaway 

G.W.Smith 

Frank  Wooster 

A.  C.  Needham 

American  Woolen  Co 


Au- 
thor- 
ity. 


O. 
D. 
M. 

O. 
O. 

o. 

M. 

O. 
O. 
O. 
O. 
O. 
D. 
O. 
O. 
O. 
D. 

O. 
O. 
O. 
O. 
M. 
M. 
M. 

M. 

M. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 

M. 
O. 
O. 
O. 
O. 
O. 

O. 
O. 
O. 


O. 


Diam- 
eter of 
well. 


Dei 
ofw 


Inchts. 
5 

8 
8-6 

m 

O 

6 

8 
8 

6 
6 
6 

mm 

t 

6 
6 
8 
6 
6 
6 

6 
6 

m 

o 
5 

8 
8 
8 

8 

6 
6 
5 
4 
5 
6 


6 
5 
5 

8 


Fei 


V' 


6  . 

I 

5  I 

6 

6 

61 

8 


♦  See  notes  at  end  of  this  table. 
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,  ''^^      )Ut«rtal  Id  which  wrtl 


UoaneotaapplT- 


L" 


»i 


-M  H»rd.. 
-LI  Soft... 
'  Hart.. 


UUcaabkle -■   Utientato 

OtovbU  drift OfdorWMi 

dn^ 1  CumlirUn  «»Bd«I< 


Obuial  drift.. 


1 1  OrduTlciaD  slki 
.....j  01*^1.1  ,lrin 
5    Ord..tlL'1»ti  lit.; 
a    UlackBl  drift . . 


(t).. 


Utickita 

du 

OidoTldan  linwalot 

Treuton  (f) 

UtkaorTrentcaiat 


TraDtonil>M... 
OluiUl  drift... 
UrdorlclBa 


Beekmantown  UmHstono 

....do I 

BaekmkntDira  or  Ckklf- 


li    Qaatornary   sand 

OrdoviclKD  bodit-  -  -  - 

....;  aUciftI drift 


I  LlmostiHM.eti 
.  OrdoTlcUnbi 


I 


do 

1 do 

do 1 

do 1 

.....a. 

yuatornmry  dop<'''*      "" 

QlauUlcUT -"" 

OrdoTlcUo  limoBt*"^ 
drttt 


Quatomary 

OrdoTlciaa  m»t0- 
aiaclBl  drift 

Utleat  (?)-.- 

OrdoTicUii  bedM- 
Ol^rlAl  Arltt 


,  OrdoTfclanorCambrlkD 
I      achlot.  1 

J  OrdoTlctan  rtate 1 

.  OrdoTlclMmhlat 1 

,    OrdavklBD  beds \ 


.1  CkmbrluTBd  HuidatonBl 
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NOTES  ON  WELLS  OF  VERMONT. 

No.  1.  The  water  of  the  well  is  lowered  somewhat  by  pninping,  but  rapidly  fiOi 
again  on  its  cessation.    Temperature,  47°.    Cost,  $220. 

No.  2.  Pumped  by  windmill. 

No.  8.  A  few  small  seams  of  water  were  encountered  which  filled  the  well  to 
within  8  feet  of  the  surface,  but  the  supply  was  insufficient. 

No.  T).  Water  is  raised  by  windmill.    Water  level  is  easily  lowered. 

No.  6.  The  water  is  reported  to  '*  froth/'  and  to  clog  steam  pipes  and  boilenao 
that  it  can  not  be  used  therein. 

No.  7.  Pumped  by  compressed  air.  The  water  is  very  alkaline  and  can  not  \i^ 
used  in  boilers.    The  mouth  of  the  well  is  184  feet  above  Lake  Champlain. 

No.  8.  This  water  is  highly  charged  with  lime  and  magnesia.  It  is  used  by  the 
Van  Hess  Hotel,  and  is  believed  to  be  beneficial  for  dyspepsia.  It  can  not  be  me^ 
in  boilers,  however,  because  of  the  formation  of  scale. 

No.  9.  This  water  is  also  high  in  lime  and  magnesia,  presumably  in  the  fonnoi 
sulphates,  and  though  affording  a  fine  drinking  water  of  medicinal  value  in  casas 
of  dyspepsia,  it  can  not  be  used  in  boilers.  We'l  mouth  located  llo  feet  above 
Lake  Champlain. 

No.  10.  This  flowing  well  is  located  about  8  feet  above  the  level  of  Lal^ 
Champlain,  the  water  rising  to  about  12  feet  above  water  level.  The  water  is 
very  hard,  and  has  a  temx>erature  of  about  42*". 

No.  18.  This  well  was  sunk  only  a  few  rods  from  Lake  Champlain.  A  snpplr 
of  2  gallons  per  minute  was  originally  obtained,  but  was  lost  as  the  well  deepened 

No.  15.  ThiM  well  was  drilled  to  a  depth  of  158  feet  in  1895,  and  was  deepened 
to  180  feet  in  1897,  the  flow  being  doubled. 

No.  19.  The  water  level  is  not  easily  lowered.    Supplies  50  head  of  cattle. 

No.  21.  Water  is  raised  by  steam  pump. 

No.  22.  The  8-inch  casing  is  reduced  to  3  inches  in  the  lower  x)ortion  of  the  well* 
The  water  is  raised  by  the  Pohld  air  system. 

No.  2:J.  Water  raised  by  the  Pohld  air  system.  The  record  of  the  well  is  * 
follows: 

Record  of  well  at  Windham.  Vt, 

Clean  fine  sand i 

Sand  and  clay i 

Clays  and  quicksand  .   i 

Clay  and  sand 

Quicksand { 

Blue  clay. ( 

Bowlders  and  gravel _ _ . . . .  : 

White  limestone i 

No.  24.  Water  raised  by  the  Pohld  air  system.  Well  record  is  similar  to  N 
23,  except  that  the  well  went  96  feet  in  very  hard  limestone.  The  well  aflford< 
250  gallons  per  minute  through  a  4-inch  pipe,  but  a  3-inch  pipe,  supplying  1 
gallons  per  minute,  is  now  used.  % 
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No.  t'}.  Water  raised  by  the  Pohld  air  system.    Water  level  was  lowered  1 1 

feet  on  forty-eight  hoars*  pumping.    The  record,  as  reported  by  the  driller,  is  as 

foOows: 

Jiecord  of  tcell  at  Addison,  Vt, 

Fwt. 

SbdiI.  first  fine  then  coarse 70 

Clay... - 1 

day  and  sand  ...   -   30 

Hueclay .  21 

Qnicksand 60 

LijeTBof  soft  rock _ 40 

White  limestone 30 

Mud,  pebbles  and  sand 10 

Solid  limestone 24 

QraTel  with  water-worn  jiebbles 10 

Oay 1 

Coarse  gravel 19 

No.  39.  Raised  by  steam  pump. 

No.  31.  Raised  by  s'.eam  pnmp,  which  lowers  level  30  feet  in  ten  hours. 

No.  34.  This  well  was  bored  largely  for  purposes  of  testing  the  water-bearing 
capacity  of  the  rocks.  It  is  located  within  300  feet  of  the  lake  shore,  but  obtained 
BO  water,  even  that  required  for  drilling  being  supplie<l  from  outside  sourc-es. 

No.  3').  The  water  from  this  well  flows  about  nine  months  in  the  year,  and  in 
tbe  remaining  months  is  raised  by  a  windmill. 

No.  39.  Water  enough  was  struck  at  40  feet  to  supply  the  drill;  at  80  feet  the 
supply  increased,  and  at  115  feet  the  full  supply  was  obtained.  An  oily  Hub>tance 
with  a  slightly  sweet  taste,  is  reporteil  to  gather  on  the  water  after  standing. 

No.  41.  Abandoned  on  account  of  impurities  in  the  water. 

No.  42.  Water  is  lowered  about  20  feet  by  steam  pump. 

SPRINGS. 

Springs,  as  has  been  indicated,  are  very  numerous  throughout  the 
State,  190  of  the  240  towns  reporting  in  1903  being  supplied  wholly 
or  in  large  part  from  springs.     In  the  rural  regions  the  relative  pro- 
portion of  springs  is  still  greater.    -Many  of  the  si^rings  are  large  and 
*recon.stant  in  flow  and  temperature,  the  latter  often  being  as  low  as 
^\  even  in  midsummer,  while  in  many  springs  it  seldom  rises  above 
^5°.    TTie  spring  water  is  usually  pure  and  soft.     A  few  mineral 
springs,  mainly  of  sulphur  and  alkaline  carbonate  waters,  also  (x^eur. 
In  the  following  table  are  listed  a  numl^er  of  typical  springs  illus- 
trating the  various  classes  of  waters  and  the  uses  to  which  they  are 
put: 
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Miscellaneous  spring 
[Reportec 


No.| 

I 

r 
•1 

•2'. 

•3 

•4 

•5 
6 

♦7 
8 

•9 

10 
•11 
•12 

•13 
•U 
•15 
•16 
•17 

18 

19 

20 
•21 

22 
•23 
•21 
•25  , 
•26 
♦27 
♦28 
•29 
•90 
•31 

•32 
•83  ' 
•34 
•35 
36 
•37 
•38 
•39 
•40 

41 
•42 
•43 
•44 
•45 
•46 
•47. 
•48 


Town. 


Andover , 

do 

Barre 

Belvidere  Comer». 

Bloomfleld 

Bomoseen 

Bridport 

Briggs 

BrowDingrton 

Charlotte 

Chippenhook 

Clarendon  Springs 


Owner. 


'    Supply  per 
'       minute. 


Windsor 

do 
Washington 

Lamoille 

Elssex 

Rutland 

Addison 

Windsor.... 

Orleans 

Chittenden  . 

Ratland 

do 


Concord Essex 

Corinth '  Orange 

do ' do 

do ' do 

do do 

Cuttingsvillo ;  Rutland.. . 

Derby Orleans ... 

EastAlbnrg Grand  Isle. 

East  Corinth '  Orange 

EastPranklin Frankln.. 

EastPeacham Caledonia. 

Elmore Lamoille.. 

Enosburg  Falls i  Franklin... 

Franklin do 

do do 

do do 

Groton Caledonia . 

Hardwick-.  ' do 

do do , 


E.A.Clayton '  Small .. 

do do.. 

H.O.Worthen ' 

A.P.Brown 1  gallon 

J.C.Hutchins i 

R.H.Walker | 

O.S.Vanderh  of 

M.B.Kennedy 

W.  H.  Burrows i  Small . . 

Mary  J.  Alexander i 

Fannie  L.  Eeyes '  Small.. 

Clarondo  1  Springs  Co Several 


i 


Hartford 

do 

Jay 

Landgrove... 

I.«ewiston 

Londonderry 

Lowell 

Lyndon 

Manchester . . 


Windsor  . . . 

do 

Orleans 

Bennington . 
Windsor . . . 
Windham.. 

Orleans 

Caledonia . . 
Bennington 


Marshfleld 

Mclndot)  Falls . . 

do 

Middlebur>' 

Middlesex 

.....do 

Middletown  Spa. 
do 


I 


Washington 
Caledonia. . . 

do 

Addison 


Washington 

do 

Rutland.   ... 
do 


C.C.Follensby do 

H.E.Hodge ' do 

Joseph  Eastman Large 

G.H.Wilson do 

H.A.Wilson Small 

M.Maloney Large..!.. 

Josiah  Grout 

M.E.McCaryon 2gallon8 

J.E.Taplin \ -- 

Mrs. C. E. Hibbard •  Large....  .-- 

E.M.Wheeler Small - 

C.S.Mudgett '  Several - 

Dr.B  J.Kendall  Co ' - 

John  Webster 75 gallons.. -- 

Mrs.  M.  A.  Gates - 

E.H.  Chamberlain '  i  gallon - 

Large -- 

A.M.  Waterman «- 

G.A.Haynea Small -- 

E.J.Martin -- 

Mrs. A. L. Pea-so 2fi0 gallons.- - 

H.  D.  Chamberlain 1  gallon 

G.C.Thompson 1  gallon - 

Lewis  estate '  Large -  - 

A.A.Curtis 10  gallons  ...  - 

H.F.Hall '  Several - 

J.C4.Hatney  '  Many 

S.  M.Orvis Large - 

BatcheldtT  Water  Co Several - 

F.H.Colby 

Several 

H.O.  Wales j 

Holjart  &  Shepard Several 

M.W.Miles do ! 

E.L.  Wright,  jr j 

Montvert  Hotel  Co ,  Several  . . 


•See  notesat  ond  of  this  table. 
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rteords  in  Vermont, 

bUOB.] 


Qnality. 


Principal 

mineral  con- 

stitnents. 


Material  from 
which  water  iacmeb. 


Age  of  material 

from  which  water 

issues. 


Hard Iron,  salphnr 

— do Iron 

do •  Lime 

Soft 

...do... 


Glacial  deposit 
Gravel 


Hard.... 

I do... 

.'Soft 

' do... 

I  Bard.... 

'soft 

lUkaline 


J  Soft.. 
Hard. 
Soft.. 
Bard. 
Soft.. 
Baixl. 
do 


Soft 

Baid.... 

Soft 

Bard.... 

Soft 

Bard..... 

Soft 

...do.... 
do.... 


Quaternary. 

do 

....do 

Drift ' do 

Slate ,  Ordovlcian. 

do do 

Clay I  Quaternary 


Uses. 


No. 


Iron,  lime... 


Gravel Quaternary. 

Metamorphicrock.   Cambrian  <h 

t 

do Ordovlcian  . 


Iron 


Lime. 


Sand(?> Quaternary.. 

Schist Ordovlcian  (*) 

Drift I  Quaternary.. 

Schist Ordoviclan  (?) 

do 

Drift I  Quaternary.. 

do do 

Sand do 


Drinking '    •! 

do i    •g 

Domestic •S 

-...do 

do 

.....do 

Medicinal 

Domestic 

....do 

....do 

....do 


♦4 

♦6 
0 

•7 

8 

•9 

10 

ni 

♦12 


Sand I  Quaternary 

do ' do 

Gravel ' do 


Iron,  sulphur 


Limestone  ( ?> Ordovlcian . 

Glacial  clay '  Quaternary 


Soft 

Good I  8alphur,iron, 

magnesium. 

Soft 

Good ' 

Soft.        '  


Quicksand Quaternary 


.do 


-do. 
.do. 


•do 


-do 
.do. 


Lime,  sodi- 
um, iron. 


•do. 


-do 

-do. 

-do. 


....do. 

do. 

Hard.. 


Sand Quaternary.. 

Gravel do 

Band do 

Soil do 

Clay do 

Gravel do 

Serpentine Cambrian  (* ) , 

Gravel Quaternary . 


Schist 


Domestic  and  medici- 
nal. 

Domestic *13 

do *14 

do ♦IB 

do ♦le 

do ♦IT 

do 18 

do 19 

do S» 

do ♦» 

do 22 

do ♦as 

do *24 

do *2b 

♦as 

Domestic *27 

Medicinal *iSS 

Domestic '20 

do ♦:« 

;  Domestic  and  me<lici-  *81 

nal. 

,  Domestic *32 

*\ii 

♦34 

♦:» 

:« 

♦37 

•  ♦SS 

♦SQ 

^40 


.do 
do 
do 
.do 
do 
do 
do 


Ordovician Public  supply . 


<-'> ... 


Iron 

Lime,  potash, 
soda,  mag- 
nesia, iron, 
sulphur, 
and  manga- 
nese. 


Till Quaternary Dome»ti<' '  41 

Slate Ordovician do ^42 

Schist  and  gneiss do do "^43 

Clay Quaternary do "^44 

Soil I do do '4.5 

Drift do PublicHupply ♦46 

Soil do Drinking  and  l)athlng.  ^47 

do Drinking  and  mcdici-  ^48 

nal. 
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MuiC€llaneo%i8  spring  records 


No.! 

♦49 
•50 
•51 
•52 
♦53 
•64 
♦65 
•66 
•57 
*58 
•69 

*eo 

♦61 
•68 
63 
•64 
•65 
•66 

•67 

•68 

•69 

70 


Town. 


County. 


Owners. 


Supply  per 
minute. 


Montpelier Washington 


do. 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


.do. 

.do. 

.do 

.do 

-do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 


Morgan Orleans  ... 

Morgan  Center do 

Mount  Holly \  Rutland... 

do ' do 

Newark *  Caledonia. 


Dewey  estate 

JudgeSmllie Several 

Mr.  Bailey ,  Large 

Mr.Henckley do 

Langdon  estate !  15  gallons  .... 

F.Blanchard Several 

Mr.Colby !  Small   

Mp.Shurtleflf 1  Large 

Thomas  Corry do 

Mr.  Brooks Small 

C.D.Mather I  Several 

Mr.Swinton I do 

Mr.  Corry i do 

L.A.Goc^ll •  Small 


E.D.Barr 

P.S.Hastfngs ,  Small 

Alman  Smith ! do 


3  gallons.. .- 


do 

do 

North  Bennington . 


do 

do 

Bennington. 


do 


North  Dorset I do 


71     North  Montpelier Washington 

•72  I  Post  Mills I  Orange 

♦73     Putnamville  i  Washington 

74     Roxbury do 


M.W.Bali 

A.  D.  Huntington 
W.D.Herrick  ... 


Large 
do 


♦75     Rutland 

•76     Sheldon  Junction 


♦77     Shoreham 

♦7H  I  South  Barton 

♦79     South  Corinth 

80     South  Shaftsbury. 


Rutland. 
Franklin 


Addison 

Orleans 

Orange 

Bennington. 


♦81     South  Woodstock Windsor 


♦«J     Stannard 
♦83     Thetford 


Caledonia . 
Orange  ... 


♦H4  Waterbury I  Washington 

♦85^  Waterford Caledonia... 

♦86  WestConcord Khscx 

♦87  West  Lincoln Addison 

88     West  Milton Chittenden  . 

i 

♦89  I  Whiten ver  Junction ,  Windm^r 


Theodore  Clark 

C.Barton i  Large... 

C.C.Putnam 

J.  W.  Howe  and  G.   A.  '  Large... 
Tilden.  , 

M.E.Wheeler do... 

Mississuuai     Mineral  '  2 gallons 
Spring  Co. 

J.T.Stickney i  Large  ... 

H. F. Pillsbury  &  Son ,  Small  ... 

E.C.Woods do... 

Eagle   Square    Manufac-  ' 

turing  Co.  \ 

M.J.Holt I  Several  . 

M.F.Ayer ,  Large... 

P.N.Moulton '  Small  .. 

Dr .  H.  Janes do  . . 

H.D.Whipple .'....do.. 

M.M.Tatro ' 

C.H.  Hey  wood '  Large.. 

...: : I do  .. 


I 
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.do 


I 


.do 


N.  B.  Sanford  estate i do 

Q.W.Smith 


♦  See  notes  at  end  of  this  table. 
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-Continued. 

Mncipal 
neral  con- 
titaents. 

Material  from 
which  water  iasoes. 

Age  of  material 

from  which  water 

issaes. 

Usee. 

No. 

Domestic 

*49 

do 

•50 

Gravel 

Qnatemary 

Ordovician 

Public  supply 

•51 

Schist 

do 

•52 

do 

do 

1 
Domestic 

•58 

1    "              -    -       - 

oae 

do 

•54 

1 

Abandoned 

•56 

1 







Schist 

Ordovician 

Domestic 

•56 

do 

do 

do 

•57 

do 

do 

do 

•58 

do 

do 

do 

•50 

i 

do . 

•flO 

1         '          - 

, 1 do 

•61 



Drift 

Qnatemary 

Domestic  and  dairy  . . . 
.......................... 

•62 

68 

Sandstone .-. 

........... ....... 

Cambrian 

Domestic 

•64 

Gravel  

Quaternary 

do 

•65 

Slate 

Ordovician  i^) 

Quaternary 

Drinking  and  medici- 
nal. 

•66 

Iphnr  

•67 

- .  1  Granite  or  schist .  - 

Ordovician  (*) 

Domestic 

•68 

•6» 

me 1  Gravel  -  

Qnatemary  

do 

Domestic  and   for 
trout  pond. 

Domestic 

70 

do 

71 

...... . .. 

m 

Soil 

do 

do 

•72 

do 

•73 

............. 

AhalA     

Ordovician 

do 

74 

Sand  and  gravel  . . 

Quaternary 

do 

'>■> 

Bottled  for  medicinal 
1      puriKwe.s. 

Drinking    

•75 

me,  etc 

m,sulphur. 

Clay 

♦76 

do 

do 

•77 

Granite 

Ordovician  (?) 

Quaternary 

do 

'  Drinking  and  l><ittling 
'  Domestiit           

•78 

Soil 

•79 

Sand  and  gravel. . . 

Boiler  and  domestic  . . 

1 
Domestic 

H) 

•HI 

1  Sand 

Quaternary 

1 do 

' do 

1 

do 

♦82 

Clav 

do 

♦8:^ 

i  ~    '" 

i  Gravel 

1 

do 

do 

♦84 
♦85 

ilphur 

Clay 

1 

Quaternary . 

do 

do 

*m 

^ **"j 

1  Gravel 

....do 

♦87 

i 

Domestic  and  water- 
,      ing  troughs. 

88 

Schist 

Ordovician          

♦S9 

needkiSoda, 

etc. 

1 

'  Drinking 

90 

|..  — 

1 

1 
1 
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NOTES  ON  SPRINGS  OF  VERMONT. 

No.  1.  Emerges  as  a  stream.  Tastes  of  iron  and  solphnr,  and  is  believed  to 
possess  medicinal  value  as  a  tonic. 

No.  2.  Emerges  as  a  stream.    Forms  a  deposit  of  iron  oxide. 

No.  ii.  Supplies  a  busine.  s  block  and  three  houses. 

No.  4.  Emerges  as  a  stream. 

No.  5.  Seeps  out.    Temperature,  40°. 

No.  7.  This  water  has  an  unpleasant  taste  and  odor  and  carries  some  sediment. 
but  is  believed  to  be  of  value  as  a  tonic,  for  troubles  of  the  kidneys  and  stomadi. 
and  as  a  laxative.    A  little  is  shipped. 

No.  0.  Emerges  as  a  stream. 

No.  1 1 .  Tastes  of  iron  and  forms  a  deposit  of  iron  oxide. 

No.  12.  Has  an  alkaline  taste  and  forms  a  deposit  of  lime  and  magnesia.  I^^ 
classed  as  an  aperient-carbonated  water.  The  group  of  four  springs  afford  about 
50,000,000  gallons  annually. 

No.  la.  Temperature,  39^ 

No.  14.  Temperature,  54". 

No.  15.  Temperature,  55". 

No.  16.  Tempi^rature,  54 \ 

No.  17.  Temi)erature,  54'. 

No.  21.  Temperature,  4Q\ 

No.  23.  Boils  through  sand:     Temperature,  45**  to  50°. 

No.  24.  Boils  througli  sand.     Temperature,  40. 

No.  25.  Supplies  several  families.  1 

No.  26.  Temperature,  45'. 

No.  27.  Temperature,  60. 

No.  28.  Has  a  slight  odor  and  taste,  and  is  believed  to  be  beneficial  for  disord?^ 
of  the  stomach,  kidneys,  and  blood.    Temperature.  50\ 

No.  29.  Emerges  as  a  brook. 

No.  30.  Emerges  from  quicksand.     Temperature,  48. 

No.  81 .  Has  an  odor  of  sulphuretted  hydrogen  and  carries  some  sediment.  ^^* 
magnesia,  and  sulphur  are  reported  to  accumulate  about  the  spring  as  a  whi*^* 
fluffy  deposit.     The  water  is  used  for  many  ailments. 

No.  32.  Supplies  40  familie  . 

No.  33.  Supplies  22  families. 

No.  34.  Boils  up  as  a  stream. 

No.  35.  Temperature.  55  . 

Nos.  37,  88.  Emerge  as  streams. 

No.  39.  Emerges  as  streams,  with  sufl&cient  volume  to  fill  a  3-inch  pipe. 

No.  40.  This  is  the  famous  Equinox  Spring,  located  on  the  southwest  sid^ 
Equinox  Mountain.     It  is  piped  to  a  large  hotel  at  the  popular  summer  resO^ 
The  water  is  not  mineral,  but  is  of  importance  because  of  its  purity.    Temp^ 
ature,  39". 

Nos.  42-44.  Emerge  as  streams. 

No.  45.  Supplies  8  large  families. 

No.  40.  Fills  a  1-inch  pipe  and  supplies  17  families  and  a  creamery.  Temi)ei 
ature,  50'.    A  slight  reddish  sediment  is  precipitated  at  the  lK>ttom  of  the  spring 

No.  47.  Emerges  as  a  stream,  forming  deposits  of  iron  oxide. 

No.  48.  Has  a  slight  odor  and  taste  of  sulphuretted  hydrogen,  and  is  considere 
good  for  rheumatism,  gout,  indigestion,  etc.  It  is  extensively  used  at  the  larg 
I)opular  Montvert  Hotel. 

No.  49.  Supplies  the  large  Pavilion  Hotel. 

No.  50.  Supplies  U\  families. 
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No.  51.  Supply  is  sufficient  for  over  200  families.  In  Montpelier  there  are  abont 
13 springs,  which  are  piped  in  gronps,  known  as  the  Hubbard,  Town,  Bancroft, 
and  Hntchinson  springs,  into  a  small  reservoir. 

No.  53.  This  is  known  as  the  Seminary  Spring,  and  supplies  20  families  and  a 
dormitory  of  200  occnx>ants. 

No.  53.  Supplies  several  stores  and  dwellings. 

No.  54.  Supplies  22  families  and  three  large  building  blocks. 

No.  55.  Formerly  supplied  several  families,  but  was  abandoned  on  the  detection 
of  colon  bacflli. 

No.  56.  Supplies  9  familes  at  present,  but  could  supply  three  times  that  number. 

No.  57.  Supply  is  sufficient  for  20  families. 

No.  58.  Supplies  4  families  through  |-inch  pipe.    Has  been  in  use  fifty  years. 

No.  59.  Used  by  3  families,  but  much  runs  to  waste. 

No.  60.  Supplies  12  families. 

No.  61.  Supplies  4  families,  and  could  supply  many  more. 

No.  62.  Fills  a  1-inch  pipe. 

No.  64.  Temi)erature  oS\ 

No.  65.  Fills  a  i-inch  pipe. 

No.  66.  Has  a  slight  odor  and  taste  of  sulphur  and  forms  a  white  deposit  alx)nt 
tiip  spring.    Supix)sed  to  be  good  for  humor,  salt  rheum,  etc.     Fills  a  1-inch  pipe. 

No.  67.  Has  odor  and  taste  of  hydrogen  sulphide.  Was  formerly  use<l  as  min- 
eral water  at  a  hotel,  but  now  is  rarely  used. 

No.  68.  Consists  of  eight  connected  springs.     A  fish  hatchery  is  contemplated. 

No.  69.  A  portion  of  the  supply  is  used  by  a  number  of  families,  but  enough 
nms  to  waste  to  supply  a  good-sized  village.     Temperature,  48°. 

No.  72.  Tastes  of  and  is  colored  somewhat  by  iron.  Used  at  a  summer  hotel 
lialf  a  mile  away. 

No.  73.  Supplies  14  families. 

No.  75.  Fills  a  3-inch  pipe. 

No.  76.  A  slimy  mineral  deposit  forms  about  the  spring.  Water  is  considered 
beneficial  for  cancer,  scrofula,  eczema,  ulcers,  kidney  and  bladder  troubles.  A 
considerable  amount  is  bottled  and  shipped  annually. 

Xo.  77.  Has  a  taste  of  sulphur,  and  forms  a  deposit  of  iron  about  the  spring. 
Forms  a  brook  at  once. 
Xo.  78.  A  fine,  pure  water,  used  at  hotels  and  in  part  bottled. 
Xo.  79.  Fills  a  :i-inch  pipe.    Has  been  used  for  more  than  thirty  years. 
Xo.  81.  Emerges  from  a  crevice  in  sufficient  volume  to  form  a  stream.     Used 
by  hotel,  etc.    Temperature,  45°. 
Xo.  82.  Temperature,  46". 
Xo.  88.  Emerges  as  a  stream. 
Xo.  84.  Fills  a  1-inch  pipe. 
Xo.  85.  Fills  a  i-inch  pipe. 

Xo.  86.  Has  an  odor  and  taste  of  sulphur,  and  forms  a  pale,  yellowish  deposit. 
The  water  is  used  as  a  laxative. 
Xo.  87.  Emerges  as  a  stream. 
Xo.  89.  Supplies  92  houses. 


MASSACHUSETTS. 


By  W.  O.  Crosby  and  Lawrence  La  Forok. 


The  geological  conditions  in  Massachusetts  are  more  variable  than 
in  any  of  the  New  England  States  previously  considered.  Except  in 
the  eastern  third  of  the  State,  metamorphic  and  crystalline  rocks, 
including  limestones,  predominate.  The  belt,  however,  is  broken 
along  the  Connecticut  River  by  a  band  of  red  and  brown  sandstones, 
etc.,  of  Triassic  age.  In  the  eastern  half  of  the  State  igneous  rocks 
predominate,  while  in  the  vicinity  of  Boston  and  southward  thei'e  are 
considerable  areas  of  conglomerate  and  slate  of  Carboniferous  age. 
In  the  southeastern  portion  of  the  State  and  on  Cape  Cod  the  mate- 
rials, surficially  at  least,  consist  entirely  of  glacial  drift,  mainly  sand 
and  gravel.  The  surface  deposits  of  the  islands  of  Marthas  Vineyard 
and  Nantucket  are  largely  of  the  same  materials,  but  in  the  former 
island  they  are  underlain  by  Cretaceous  and  Tertiary  clays.  In  addi- 
tion to  the  gravelly  and  sandy  drift  of  Cape  Cod,  there  are  large  quan- 
tities of  till  deposited  all  over  the  State,  either  as  a  sheet-like  mantle 
or  as  rounded  drift  hills  (drumlins)  and  more  irregular  morainal 
accumulations. 

The  population  of  the  State  is  largely  concentrated  in  towns,  and  in 
all  of  the  larger  towns  water  systems  are  maintained.  Lake,  stream, 
and  spring  supplies  are  all  utilized,  although  where  the  first  two  are 
used  great  precautions  are  necessary  to  prevent  pollution.  In  the 
rural  districts  of  the  western  or  more  hilly  half  of  the  State  springs 
are  largely  used,  while  in  other  parts  the  main  reliance  is  placed  on 
wells. 

WEIil^S. 

By  far  the  greater  number  of  wells  are  in  the  eastern  half  of  the 
State,  although  many  good  supplies  are  obtained  from  the  sandstones 
of  the  belt  along  the  Connecticut  River  and  from  the  limestone  and 
other  rocks  to  the  westward.  East  of  the  sandstone  area  and  extend- 
ing nearly  or  quite  to  the  coast  is  a  belt  in  which  rounded  hills  of 
bowlder  drift  or  hard  pan  (drumlins)  occur  in  great  numbers.  In 
such  regions  the  water  supplies  obtained  from  wells,  though  not 
large,  are  generally  sufficient  for  the  needs  of  the  scattered  inhabit- 
ants. Nearer  the  coast,  where  the  drift  is  thinner  and  where  there  is 
94 
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[Fur  Mldltlonsl  records  » 


"Well  records  In 


1, 


1  I  Barnstable . 


Chathamport . . . 

Cotnlt 

Eaat  Brewster  . . 
East  Harwich... 


...do ! 

.  East  Orleans 

.  Foreatdale 

.  Harwich 

iboD  Island.. 

.    Orleans | 

...do I 

.  Pocassat 

.  Sonth Brewster.. 
.  South  Chatham..! 

..  Chartlnr 

.  Qifford  ' 


E.L.Jennld  ... 
,   EastHarwlchCi 


.  PallRlver 2( 


W,  H.Potter... 

TahantoClnb.. 
'  L.H.Fostar.... 


.    Henry  Bryant... 

P.P.Barney 

\.T.  White 

TraynorBroa 

i.  H.  Standlntc . . 
.  Parker  Mills 


.  LoQgplain I 

.  North  Dartmouth       S 

do _ 1 

.'Norton iNeai 


.  I  South  Dnrtmoatb  . . 


AbbotP.Stnith.... 
rPreecott.Jr. 

A.  H.  King 

W.  Wild 

Mlsa Eliza  Smith.. 

O.  Bafflnglon . . 

mklin  Simmons. 

W.e.Pnlsifer 

V.  Anthony- 

T.L.QaTdner^Co 


4. W.Wellington  .. 
It  end  of  this  table. 
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HighlaadJ    i 

Hill 1    (^ 

do '  a 

Valley », 

V-Iley «, 

do '.... 

Plain '    9, 
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Bill I...J 

Valley 1     H 

Plain e 

Slope B 

Hill. 8 

RIdso  .. 
Slope... 
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t!,     ij  E-H^k 


-as^  IS.. 


.  Wlniimill  . 


Snlpfaur 

iHar.!... 


';si-m 


Domestic! . 
DrinktnK, 


Bhoppfurm.. 
Hiin!«an(ionl 
DrinkinB-... 


Hard,  iron 
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d.. 

rto 

Bijck-'t 

Blnp. 



Dnm,*ilc-,  rnnii  .. 
AUimn"*™ 

*..... 

DrinkhiB.tarm... 

Hum 

.In.... 
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*■ 

!":: 

l>omustli; 

honw. 
Dommtl.; 

Si.fl  

HVDHOLUOY    Of    KASTRUN   IINITKD   BTATE8,  1903,        l>o« 
Wedneanliii 


!  Westport 

!  Weatport  Point 
Bndford 

TopsfleW 

llTortbapId 


Norfolk... 
'  Ponlup'iK . 


'  HsKtu 
Hnll... 


."Nbk-  L.U.Khi.H 


UJ  HE. 
1    W. 


CreeiK,  Cook  A  C. 

Percy  Chaiw 

G.P.PeoWco-t . 


SUti-FlihHBtcliery  : 

C.L.HQIrblM 

J.CSeliiUIl 

SlnKli-ton  Womtml '  : 


E.W.Mbdh 

Pnuili  Ft-rdiniind   , 
U.W  BlaffordMftt 


RpnHlciwOoBby.. 

J.W.'Anetin 

W.H.H.  Ryder. .. 


BlackBtone    i 

facturlng  C< 
1)'  N.  J.W.JoneB... 
....Nonr   (Itj- 


I  1' 

SlopB «   « 

do '   i  " 


it  the  end  uf  Ibia  table. 
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■    n  OTMiiito .. 


»     iob! do... 
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Bnppty 
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Soft-  Pomp DrlnklDg  .. 

Gas  engiDe.'  Hanse,!B<ti: 
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Alkaline  ..' ,     I  TWtiTiliig 

Hftrd Windmill  .J  Domestic. 

Wlndmiu; do 


Soft... 
do- 

^krd.. 


.  I  Hand  pump 
,  Sl'm  pnnip. 


Worsted     maiiii- 
factarin^. 

Donaestic 

Hauiif acturin^ . 


Drinking,  etc .. 

Factory,  bollar 


'  DomMtlc.rarn 


Soft 

Medinm...  Pnmp All  purr 

Hard --  Buvply" 

aott,  iron.    Windmill  . . '  Domentii 
mlpbur.  I  I 

Soft '...*!'."*: I do.. 

Hard I  WlndmUl       dii  .. 

do Ennlnu  do.. 

Boft iQMoUnoen    do.. 


-    Pnmp I  MrisanlioiiM 

.,  Fw'r  pump   Drinking  .. 
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NOTES  ON  WELLS  OF  MASSACHUSETTS. 

No.  17;  Materials  penetrated  were  as  follows:  Hardpan  with  some  water,  45 feel; 
dark  slaty  rock,  coarse-grained,  with  no  water,  110  feet;  **  granite  "  with  water.* 
feet;  black  slaty  rock,  5  feet. 

No.  21.  The  first  60  feet  was  thrcmgh  sand,  clay,  and  gravel,  then  through  wft 
black  slate  to  a  depth  of  300  feet.  Below  this  was  a  gray  rock  carrying  vattt 
Granite  was  reported  at  400  feet. 

No.  34.  Analysis  by  Charles  Harrington,  1902: 

Analysis  of  water  of  well  at  South  Dartmouth,  Mass, 


: 


[Parts  per  millon.] 

Free  ammonia 0.<ltt 

Albuminoid  ammonia  M 

Nitrogen  as  nitrates .^ 

Chlorine 12.0. 

Fixed  residuum 58.0 

Volatile  reaidnnm _ 31.0 

Total  residuum 89.0 

Hardness ..   8.0 

Considerable  amount*?  of  iron  compouiKls  are  present,  causing  a  turbidity  oo 
standing. 
No.  43.  Following  is  a  record  <.)f  this  well: 

Record  of  well  at  Westport  Pointy  Mass, 

Sand 5 

Sand,  gravel,  bowlders 18 

Coarse  sand,  water       2 

Fine  sand _ IS 

Coarse  sand,  water.  .   . 2 

Fine  sand .    .       . 10 

Fine  sand,  water. -.  .    .    . lU  i 

Fine  gravel,  lx)wlder8 " 

Red  gneiss,  water L. 

Hard  red  gneiss 8 

Gray  gneiss 1^ 

Soft  gray  gneiss,  water  .  ..   ...     ^ 

Hard  and  fine  gray  gneiss  .  . .   . .         . 2^ 

No.  4Ji.  Analysis.  HKm,  l)y  Mrs.  E.  H.  Richards: 

Analysis  of  watfr  of  well  nt  Coveord^  Mass, 
[Part.s  jwr  million.  | 

Color . .     -   - Non< 

Turbidity .         .    .   . None 

Sediment Slighl 

Odor .       Now 

Residue  of  evaporation 1 1 .  40 

Albuminoid  ammonia .  .  . .001 

Free  ammonia . 001 

Nitrates  ... . . , .   . .   .     ...     Nont 

Hardness  . . 5. 1 

Chlorine _ 4. 5 
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o.  50.  The  first  40  feet  the  rock  was  a  coarse  slate,  dipping  south;  the  reinain- 
65  feet  appeared  to  be  granite.     Analysis  by  J.  B.  Lindsey: 

Analysis  ofthdier  {if  well  at  Dunstable^  MasH, 

»  ammonia .   >- .  .1 ;.  f . '  . . ,',  i'  ;.^  -9. 0Q30 

Tates -  -   • .  f  --'  .J.  -"NeEe.     : 

tal  solids - -  None.-  ' 

9kd --   .- None. 

liment - .    Slight. 

buminoid  ammonia .  .  0059 

lorine . .   _ .53 

lids  at  red  heat None. 

»n -   .               ...  None. 

•rdness  (Clark's  degrees)  .               .      .  8. 64 

imall  amount  of  white  (lime)  deposit  was  found  on  vessels  used  for  the  water, 
^o.  51.  Analysis  by  ''Massachusetts  Sanitary  Chemical  Laboratory." 

Analysis  of  water  of  well  at  PrankliUj  Mass, 

[Parts  per  million.] 

al  solids 48. 0 

iwl  solids  - 36. 0 

«  on  ignition        . 12. 0 

)©  ammonia - .....  .  014 

)miiinoid  ammonia .  035 

lorine 9.1 

;rites:  Practically  none. 
Tales:  Minute  traces. 

Jo.  62.  Analysis  by  B.  F.  Davenport,  1898: 

Analysis  ttf  water  from  spring  at  Greenlmsk,  Mass. 

[Parts  IK?!*  millioQ  J 

tassiniii  and  sodium  oxides .    . .         .   . .  -  4.2 

Iriiim  and  magnesium  oxides  ...  4.5 

ica      4.'i 

m  and  aluminum  oxides .                 .  24.0 

Iphnric  acid .    5.1 

Jorine       24. 7 


Total  67.6 

Tnii  pn)]><il)ly  from  the  pump:  could  not  ^eX  a  spHcinien  troni  hortoni. 
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No.  66.  AnalvBis  by  Mw.  E.  H.  Richardfi,  1900: 

AiuUysis  of  water  from  spring  at  Marion^  Mats, 

*  - 

Turbidity:  Decided. 

Sediment:  Heavy,  sandy.     ,.«•'.-:-. 

Color:  0.8.  ^       ,.  „  ,    ;    * 

Odpr:  Ool^«Iightly  oiiy,  hot,  faintly  earthy. 

'  *  »    •       * 
;         -  '  [Parts  per  millloii.] 

Total  residne  on  evaporation LM^.O 

Free  ammonia  (nnfil tared) M 

Albuminoid  ammonia  (unfiltered) 018 

Albuminoid  ammonia  (filtered)  ... M 

Chlorine 35.5 

Nitrogen  as  nitrites .008 

Nitrogen  as  nitrates .140 

Hardness . 58.0 

Iron ..       .100 

No.  7.3.  An  analysis  of  water  of  this  well  (analyst  unknown)  is  given  below: 

Aruilyais  of  'footer  from  well  at  Rock,  Momh, 

[Parts  per  million.] 

Free  ammonia ■. O.O20 

Albuminoid  ammonia 05* 

Nitrogen  as  nitrates .210 

Nitrogen  as  nitrites .000 

Chlorine -   - 7.1 

Fixed  residue -  85.0 

Volatile  residue -  11.0 

Total  residue - . .  46.0 

Hardness 8.0 

SPRINGS. 

Although  springs  occur  in  great  number  in  the  hilly  region  in  tbe 
western  portion  of  the  State,  where  they  constitute  in  many  instances 
the  commonest  source  of  water  supply,  they  are  by  no  means  confined 
to  that  region.     In  fact,  because  of  the  absence  of  other  satisfactory 
supplies,  they  are  often  of  far  greater  economic  importance  in  the 
eastern  part  of  the  State,  where  many  of  the  waters  are  used  in  bev- 
erages, or  bottled,  or  sold  in  bulk  as  table  waters.     It  is  because  of 
this  economic  value  of  the  individual  springs  that  the  eastern  coun- 
ties are  so  well  represented  in  the  table. 
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NOTES  ON  SPRINGS  OF  MASSACHUSETTS. 

No.  3.  This  spring  is  knawn  as  the  Cape  Cod  Pilgriui  Mineral  Spring.  A  bot- 
tling establishment  has  been  established  and  15,000  gallons  or  more  Rhi])ped.  It 
is  supposed  to  possess  important  medicinal  qualities.  An  analysis  by  S.  P. 
Sharpies,  1900,  is  as  follows: 

Analysis  of  water  of  spring  at  South  Wellfleet,  Mass, 

[Parta  per  million.] 

Silica , 5.6 

ferric  oxide .9 

Sodium  chloride ;J9. 7 

^^agnesium  sulphate 2.0 

Magnesium  chloride 7. 2 

C^cium  sulphate 6.9 

^^cium  carbonate. 3. 7 


Total  mineral  matter 66. 0 

This  is  a  pure  water,  free  from  organic  matter.  It  is  a  fine  table  water,  and 
^hen  drunk  in  large  quantities  will  prove  very  useful  in  stomach  and  kidney 
ti"ouble8. 

No.  4.  The  water  of  this  spring  is  considered  to  have  valuable  medicinal  prop- 
^^ies.  being  used  both  internally  and  for  bathing,  but  it  has  not  been  placed  on 
^he  market. 

No.  7.  This  is  known  as  the  Simpson  Spring.  The  water  is  used  in  the  manu- 
facture of  carbonated  beverages,  which  are  extensively  sold  in  the  surrounding 
J^^lon     It  IS  considered  to  have  important  medicinal  properties. 

No.  8.  The  water  of  this  spring,  known  as  the  Sager  Spring,  has  been  T)ut  on 
the  market  in  considerable  amounts.  Analyses  made  by  the  State  board  of  health 
*reastollows. 

Analyses  of  toater  of  spring  at  Danvers,  Mass. 
iWater  from  Spring  EXecemljer  II.  MMI)     Parts  \)er  milli  >u  | 

^idue  on  evaporation    .    40. 0 

free  HiumoDia.  . .    .       .016 

"Albaniinoid  ammonia   ^ 020 

C'hlorinH .     4.4 

^'ittojien  as  nitrates . i:jO 

Nitrogen  «as  mtriten   001 

Oxygen  consumed . 1 

Harflness 20.0 

Iron .    . , 1 00 

(  Bacteria  per  cubic  centimeter .     4").  0 

I  Water  as  sold  Fe»)ruary  la,  1901.  J 

He.«ii(lne  on  evaxjoration 31.0 

Free  ammonia 002 

Albuminoid  ammonia   024 

Chlorine 4. 8* 

Nitrogt^n  as  nitrates ] .  000 

Nitrogen  as  nitrites 000 

No.  9.  The  owner  of  this  spring  su[)plies  :^0  families  with  spring  water  from 
17  connected  springs  on  his  premises. 
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NOTES  ON  SPRINGS  OF  MASSACHUSETTS. 

No.  3.  This  spring  is  known  as  the  Cape  Crxi  Pilgrim  Mineral  Spring.  A  bot- 
tling establishment  has  l)een  established  and  lo.OOO  gallons  or  more  Rlii])ped.  It 
is  supposed  to  x>osse8:?  important  medicinal  qualities.  An  analysis  by  S.  P. 
Sharpies,  1900.  is  as  follows: 

Analysis  of  tvater  of  spring  at  South  Wellfleet,  Mast^, 

[Parts  per  million.] 

Silica , 5.6 

Ferric  oxide .9 

Sodimn  chloride 39. 7 

Ma^nesiam  sulphate 2.0 

Magnesinm  chloride 7.2 

Calciam  sulphate ...     6.9 

Calcinm  carbonate . 3.7 


Total  mmeral  matter 66. 0 

This  is  a  pure  water,  free  from  organic  matter.  It  is  a  fine  table  water,  and 
when  drunk  in  large  quantities  will  prove  very  useful  in  stomach  and  kidney 
troubles. 

No.  4.  The  water  of  this  spring  is  considered  to  have  valuable  medicinal  prop- 
erties, being  used  both  internally  and  for  bathing,  but  it  has  not  been  placed  on 
the  market. 

No.  7.  This  is  kuown  as  the  Simpson  Spring.  The  water  is  used  in  the  manu- 
facture of  carbonated  beverages,  which  are  extensively  sold  in  the  surrounding 
rpsnon      It  is  considered  to  have  important  medicinal  properties. 

No.  H.  The  water  of  this  spring,  known  as  the  Sager  Spring,  has  been  pnt  on 
the  market  in  considerable  amounts.  Analyses  made  by  the  State  board  of  health 
are  as  follows. 

Analyses  of  water  of  spring  at  DanverSy  Mass. 
[Water  from  Spring  December  II.  HMK)     Parts  jwr  milii  >u  | 

Residue  on  evaporation 40.  0 

Free  ammonia .    .       .016 

Albuminoid  ammonia   ^ .026 

Chlorine .     4.4 

Nit  I oj^en  a.s  nitrates .   X\0 

Nitrogen  a-s  nitriteh   _ .001 

Oxygen  consumed    . .      1 

Hardnefis 20.0 

Iron  - 100 

Bacteria  fier  cubic  centimerer 4'').  0 

[  Wat«r  as  sold  February  13,  1901.  J 

Residue  on  evaporation 31.0 

Free  ammonia  . ... .  002 

Albuminoid  ammonia 024 

Chlorine 4.8- 

Nitrogen  as  nitrates    1 .  000 

Nitrogen  as  nitrites 000 

No.  9.  The  owner  of  this  spring  supplies  30  families  with  spring  water  from 
17  c-tmnected  springs  on  his  premises. 
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No.  10.  ThiH  spriug  Ih  known  as  the  Robbins  Spring,  its  water  lieiug  hoW 
extensively  for  table  use  in  Boston  and  its  suburbs.  There  is  a  reserve  of  1  ^  acres 
for  a  park  around  the  springs  and  a  large  hotel  near  by.  The  springs  rise  in  three 
cemented  reservoirs,  which  are  covered  by  canopies.  An  analysis  made  by  the 
State  board  of  health  is  as  follows: 

Analysis  of  nxiter  of  spring  at  Arlington^  Mass. 

[Parts  per  znillion.l 

Turbidity None. 

Sediment None. 

Color - ', 0.0 

Odor,  cold None. 

Odor,  hot- . .     .- None. 

Residue  on  evaporation 43. 0 

Free  ammonia  .    .   .  0(M 

Albuminoid  ammonia. .01* 

Chlorine 4,4 

Nitrates 2^3 

Nitrites.- OO 

Oxygen  consumed  _ •. .0 

Hardness   ..  17.0 

Iron ./ .03 

No.  1 1 .  Large  quantities  are  sold  for  drinking  purposes. 

No.  12.  An  analysis  of  water  of  this  spring  by  Salvatore  La  Bua,  1903,  is  a 
follows: 

Analysis  of  ufater  of  spring  at  Chelmsford^  Mom, 

[Parte  per  million.  J 

Silica 7. 

Iron  and  aluminum  oxides 

Calcium  carbonate 18. 

Calcium  sulphate 3- 

Magnesium  carbonate 6. 

Sodium  chloride 6. 

Potassium  sulphate . .  3- 

Organic  volatile  matter  . 5- 

Total 50. 

No.  18.  This  spring  in  known  as  the  1^  letcher  Cold  Spring.  Its  water  is  sold  i 
carboys  in  Wfstford  and  Lowell.     An  analysis  by  F.  P.  Sharpies,  1900.  is  as  follows* 

Atialifsis  of  Witter  (tf  sjtriuy  at  Coldsprhig,  Mass, 

[Parts  ]M»r  iiiillioii.] 

Total  residue  at  212   F. . 44.5 

Loss  on  ignition 15. 5 

Mineral  matter 29. 0 

Free  ammonia .   . . .  000 

Albuminoid  ammonia  . .       .  049 

Nitrogen  in  nitrites 000 

Nitrogen  in  nitrates .000 

Chlorine  in  chlorides.      . ... 2.7 

Color      Now 
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id.  30.  Analysis  reported  by  owner  (analyst  unknown). 

Analysis  of  tvater  front  spring  at  Hanson,  Mass. 

[Part8  per  million.  J 

aal  solids      .  .                  _ 

120.0 

lorine.                                           .   .    

9.0 

ca . .  .  -  . 

. . . .       25. 0 

n  and  alumina                -   .    .    .              

2.0 

De .   -.  -     -- 

5. 0 

gneda.                                              -   .- 

--            8.0 

vdxiees 

35.0 

lo.  31.  This  water  is  considered  to  l)e  of  medicinal  value.     An  analysis  by  S.  P. 
Nples,  1897,  is  as  follows: 

Analysis  of  water  from  spring  at  Hinghavi,  Mass., 

[Parts  i)er  million.] 

iknmn  carbonate 4. 90 

ilgnesium  carl)onate .....  4. 24 

licinm  sulphate  - . .     .      5. 37 

on  and  aluminum  oxides .70 

lica ..  13.40 

cHum  chloride 10. 80 


Total  mineral  water         . 39. 4 

ilatile  matter       .  ._ 8.5 


Total  residue  at  212"  F 47. 0 

ee  ammonia .  None. 

buminoid  ammcmia.    . .  .016 

trogen  as  nitrates            .  200 

rhis  is  a  jjure  water,  free  from  sewage,  and  excellent  for  table  use. 

^o.  32.  This  water  is  supplied  to  many  people  in  Brantrock  and  Green  Harlx)r 

d  is  shipped  to  other  places.    Analysis  reported  by  owner  (analyst  unknown)- 

Analysis  of  water  fronh  sprinij  at  Marshjirld,  Maiis. 

[Part**  i)er  million.  1 

>lor .  None. 

idiment-       -       ... .    ..     ...                  .  None. 

Ardness .  25. 0 

otal  solids _       .         ..  150.0 

otash  and  soda .    65. 0 

ilica 10.0 

•on 5.0 

ime 1.0 

agnesia . 38.0 

ilorine  (as  common  salt) .  _ ;J6. 0 

No.  3.S.  The  water  from  this  spring  is  known  as  the  <  )oka  Rock  ininerjil  water, 
is  said  Ui  be  of  value  in  various  diseases,  and  is  sold  in  considerable  amounts, 
lalysis  by  S.  P.  Sharpies,  1902: 
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No.  21.  This  is  known  as  the  Atla  Artesian  Spring,  but  in  reality  it  i.s  an  art* 
sian  well.  The  materials  i>enetrate<l  were:  Sand,  20  feet;  c^lay.  'M)  feet;  gravel.  1 
feet.  The  water  is  used  in  part  in  car])onated  beverages  and  is  in  part  8(»ld  i 
demijohnti.  A  summer  hotel  is  contemplated.  Sanitary  analysis  made  at  tli 
Massachusetts  Institute  of  Technolog>^  in  1002  is  as  follows: 

Sanitary  analysis  of  water  from  spring  at  Sharon  „  Mass, 

[Part«  per  million.] 

Color -  -  -              .   .  .  Nont' 

Turbidity.- _  Nonf 

Sediment . . .                            None 

Odor,  cold .      .   . .  None 

Odor,  hot -             -  - ...     .  None 

Albuminoid  ammonia 0.  (X>t 

Free  ammonia . , .                   . . None 

Nitrites -  -            None 

Nitrates.            .6 

Hardness... _    .  .     .2:^4 

Chlorine .  8. 74 

A  large  bottle  was  filled  with  water  and  sealed  March  2ft.  1891.  January  5,  llKW. 
it  8howe<l  absolutely  no  color,  turbi<lity,  nor  sediment. 

Chemical  aiuilysis  of  water  f ram  spring  at  Sharon,  yiass.,  hy  H.  L.  Bowker,  />>•'• 

[Parts  jwr  million.] 

SUica .                t'^ 

Iron  and  aluminum  oxides. ...                      .  _ .         . _   .      _  i».^ 

Calcium  carbonate .       .   i:^^ 

Magnesium  carbonate. ...                .  6- 

Sodium  chloride .     .....     _ 4.' 

Sodium  carbonate. .             •                                                .    . 7* 

Potassium  chloride                      .   .                                           5" 

Total  solids.  ._    .  ...  .  4:^. 

A  water  of  remarkable  purity. 

No.  22.  The  springs  described  are  at  the  base  of  a  gravel  bluff  on  the  Lincol 
farm.  The  flow  as  rejwried  by  N.  Henry  Crafts,  civil  engineer,  varies  fro' 
185.000  gallons  a  day  in  verj^  dry  sea.sous  to  3o0,000  gallons  a  day  in  wet  season 
The  waters  are  used  in  an  artificial  ice  and  fish  jx)nd.  A  number  of  cither  lar^ 
springs  (Xjcur  at  the  head  of  Muddy  Pond,  from  the  outflow  of  which  the  presei 
supply  of  Stoughton  is  obtained.  These  springs  issue  from  the  biise  of  grav* 
bluffs  l")  feet  or  more  above  the  level  of  the  pond.  The  conditions  for  measnrii] 
the  springs  are  not  favoral)le,  but  the  outflow  of  the  pond,  which  is  fed  almo 
entirely  by  springs,  has  been  found  to  average  1 .4r)0,000  gallons  a  day. 

No.  25.  Theimi)rovementsin  the  vicinity  of  this  spring  area  r3,000-gallon  tan! 
hotel,  and  suniiuer  house.  The  construction  of  walks  and  drives  is  contemi)late 
The  water  is  thouglit  to  possess  valuable  medicinal  properties,  but  verj'  little  h 
been  shipped  as  yet. 

No.  20.  The  water  of  this  spring  is  regarded  as  having  valuable  medicinal  pre 
erties  and  is  sold  to  some  extent. 

No.  29.  The  water  of  this  spring  is  unusually  pure  and  has  been  sold  in  lar 
amounts.  A  summer  resort,  consisting  of  a  hotel  and  a  number  of  cottages,  h 
been  developed  at  the  spring. 
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No.  80.  Analysis  rexK>rted  by  owner  (analyst  unknown). 

Analysis  of  water  from  spring  at  Hanson,  Mass. 

[Parts  per  million.] 

TotalsoUdfl 120.0 

Chlorine .    9.0 

Silica -    _ 25.0 

Iron  and  alumina   . - 2.0 

Lime .   ..       5.0 

Magnesia.  -       -. .-   -                     - .  8.0 

Hardness. .  35.0 

No.  31.  This  water  is  considered  to  }ye  of  medicinal  value.     An  analysis  by  S.  P. 
Sharpies,  1897,  is  as  follows: 

Analysis  of  water  from  spring  at  Hingham,  Mass., 

[Parts  per  million.] 

Calcinin  carbonate -  -     -   4. 90 

Magnesium  carbonate .       . .     -     .     .  4. 24 

Calcium  snlphate . . .  -   5. 37 

Iron  and  alominnm  oxides  . .70 

Silica ..     ._  13.40 

Sodimn  chloride .-       ^ 10.80 


Total  mineral  water .   .  _   39. 4 

Volatile  matter .  ...  8.5 


Total  residue  at  212"  F 47.0 

Free  ammonia : None. 

Albnminoid  ammonia .016 

Nitrogen  as  nitrates . .  .  .  200 

This  is  a  pure  water,  free  from  sewage,  and  excellent  for  table  use. 
No.  .T3.  This  water  is  supplied  to  many  people  in  Brantrock  and  C-rreen  Harlxjr 
and  is  8hipi)ed  to  other  places.    Analysis  reported  by  owner  (analyHt  unknown)- 

Analysis  of  water  from  spriiuj  at  Marshjirld,  3/a.s.s. 

[Parts  per  million.  J 

Color None. 

Sediment- --.   None. 

Hardness - .    .         25. 0 

Total  soUds .  150.0 

Potash  and  soda .   C").  0 

Silica  „.. 10.0 

Iron .. 5.0 

Lime _  1.0 

Magnesia - .   .  28.0 

Chlorine  (as  common  salt) .       .    . .       .  30. 0 

No.  33.  The  water  from  this  spring  is  known  as  the  ( )oka  Rtx'k  iriiiieral  water. 
It  is  said  to  be  of  value  in  various  diseases,  and  is  sold  in  considerable  amounts. 
Analysis  by  S.  P.  Sharpies,  1902: 
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Analysis  of  water  from  spring  at  Norwell,  Mam, 

[Parts  per  million.] 

Calcitim  sulphate ..- lilfj 

Calcium  carbonate •.Hi 

Mapnesium  carbonate 9.1 

Sodium  chloride %,\ 

Ferric  oxide -. 

SUica 9.*5 

Total  mineral  matter (J7.( 

Nitrites _ 

Nitrates _ 

Free  ammonia _ 

Albuminoid  ammonia 

Chlorine  in  chlorides _ 

Residue  at 212"  F _.. __;... 

No.  34.  This  is  known  as  the  Beaver  Dam  Spring.    Its  waters  are 
beneficial  in  cases  of  certain  diseases,  and  it  is  bottled  direct  or  used  in  the: 
facture  of  soft  drinks.    Analysis  by  S.  P.  Sharpies,  1895. 

Analysis  of  waterfront  spring  at  Scituatey  Mass, 

[Parts  per  million.] 

Total  residue  at  212*' F 7D.« 

Loss  on  ignition 17.1 

Idineral  matter _ _ 52. 

Free  ammonia - 

Albuminoid  ammonia - 

Nitrogen  as  nitrites ... , . 

Nitrogen  as  nitrates _ _ 

Chlorine  in  chlorides  (salt) 15. 

Carbonates .  _ Small  amount 

Sulphates 

Lime _ Present 

Color  ... _ Clear. 

No.  3.").  The  construction  of  bottling  works  are  contemplated. 

No.  30.  This  is  known  as  the  Groulding  Spring.  The  waters  are  used  in  tht 
manufacture  of  soft  drinks,  which  are  sold  in  considerable  amonnts.  Analyat 
(19()U)  rei)<)rted  by  owner  (analyst  unknown): 

Audltfsis  of  Witter  from  sprimj  nt  W  hitvian.  Mass, 

[PhtXh  p«*r  million. 1 

Color. - None. 

Residue  on  evai)<)rati on  -.-......  62.0 

Free  ammonia  .    .  .        .         ...  . .    . .       .  009 

Albuminoid  ammonia.  ...  .  018 

Chlorine ..      . 8.4 

Nitrates 2.800 

Nitrites .    . 000 

Oxygen  consumed   ...    . .      .         .1 

Hardness      ....  . .       .     .     7. 0 

Iron  . .185 

Batrteria 000 
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No.  37.  This  water  is  bottled  and  sold  in  Boston  and  vicinity.  The  analysis 
ahows  the  presence  of  sulphates  of  potassium  and  sodium:  the  chloride  of  sodium; 
the  carbonates  of  sodium,  calcium,  and  magnesium;  oxide  of  iron  and  aluminum, 
and  silica. 

This  water  is  highly  recommended  by  chemists  and  physicians  as  being  strictly 
pore  and  he:Uthful,  and  is  said  to  compare  favorably  with  the  highest  grade  spring 
waters  of  the  United  States. 

No.  38.  Sold  in  bottles,  carboys,  and  siphons  after  being  carbonated.  Consid- 
ered to  possess  valuable  medicinal  proi)erties. 

No.  40.  A  cottage  and  fish  xx)nd  have  been  constructed  at  the  spring.  Analysis 
byL.  P.  Kinnicutt,  1892; 

Analysis  of  water  from  spring  at  Hubbardston,  Mass. 

[PartB  i>er  million.] 

Residue  on  evaporation      _ 16. 0 

LoflB  on  ignition 3.0 

Fixed  residue _. ..   13.0 

Free  ammonia . .         .   .  None. 

Albnminoid  ammonia 0.004 

CWoride ---  1.14 

Nitrogen  as  nitrates  . None. 

Nitrogen  as  nitrites. .-  None. 

Appearance ..- .     -     .  Clear. 

Sediment . . None. 

Color .   None. 

Odor,  cold . . None. 

Odor,  hot -  -   -  -  None. 

This  water  is  a  remarkably  pure  spring  water.  Its  value  as  a  mineral  water 
for  medicinal  use  would  be  about  the  same  as  distilled  water,  but  the  taste  would 
be  more  agreeable. 
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ADDITIONAIi  WEIili  RKCORDH  IN  MAS8ACUUSETTS. 

By  F.  A.  Champlin/' 

In  the  following  pages  records  of  over  80  wells  drilled  by  Mr. 
Charaplin  in  Massachusetts  are  given.  The  tables  are  of  unusual 
interest  because  of  the  completeness  of  the  data,  and  are  of  value  in 
showing  the  actual  yield,  quality,  and  cost  of  a  largre  number  of  wells, 
both  in  the  areas  of  the  Newark  sandstones  ("freestone")  and  in  the 
areas  of  crystalline  rocks  (** granite").  The  uniformity  of  success 
in  obtaining  supplies  is  one  of  the  noticeable  features  brought  out. 

EAST   LONGMEADOW   WELLS. 

East  Longmeadow  is  l<)cate<l  near  the  southern  boundary  of  Massa- 
chusetts, a  few  miles  south  of  Springfield,  on  the  east  side  of  Con- 
necticut River.     The  township  is  about  4  miles  square,  and  is  loc^t^d 
on  a  belt  of  red  sandstone  of  the  Newark  group.     The  town  btf 
about  1,200  inhabitants,  and  obtains  its  water  supply  mainly  from 
wells.     Those  in  the  glacial  drift  are  generally  somewhat  unsatisfac- 
tory, but  the  rock  watere  are  usually  of  good  quality.     The  temperar 
ture  of  the  latter  averages  about  52°.     All  of  the  wells  of  the  following 
table  are  reported  as  being  0  inches  in  diameter  and  affording  excellent 
water.     In  addition  to  the  wells  of  the  table  there  are  a  number  of 
other  moderately  deep  wells  in  town,  drilled  by  a  number  of  different 
parties.     Of  these  may  be  mentioned  the  following:  (1)  Well  on  prop- 
erty of  Mr.  Kouberson;  located  on  sandy  flat;    penetrated  50  feet 
through  (luicksand,  etc.,  and  went  20  feet  into  rock.     (2)  Well  on 
property  of  John  Beebe ;  about  the  same  as  t  he  preceding.     (3)  WeU 
owned  by  Warren  Pease,  40  feet  in  depth.     (4)  Well  owned  by  Nor 
cross  Brothers,  50  feet  deep.     (5)  Well  owned  by  Norcross  Brothers, 
80  feet  in  dc^pth;  notable  from  the  fact  that  it  flows;  analysis  shows 
the  water  to  be  \ery  pure.     (6)  Well  on  property  of  H.  Ogden,  00  feet 
deep. 


"  Tliewo  Ma8.sa<'huHettH  rt»c(»rds  wcro  reported  by  tho  driller  to  H.  E.  Gr^ory,  -who  is  in  charge 
of  well  iuveHtigitions  in  Connecticut. 
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MISCELLANEOUS  WELLS. 

e  following  table  are  given  the  records  of  32  scattered  wells 
by  F.  A.  Champlin  at  various  points  in  Massachusetts.  The 
•ticeable  feature  brought  out  by  the  tables  is  the  nearly  uni- 
ccess  of  the  wells  in  the  freestone  and  slate  (shale?)  as  regards 
antity  and  quality.  In  the  crystalline  rocks  ("granite")  the 
is  generally  excellent,  but  the  volume,  though  usually  suffi- 
)r  domestic  purposes,  is  not  large.  Practically  all  the  wells 
iches  in  diameter. 
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RHODE  ISLAND. 


By  W.  O.  Crosby, 


The  conditions  in  Rhode  Island  are  very  similar  to  those  in  eastern 
Massachusetts.  On  the  islands  and  about  the  shores  of  Narragansett 
Bay  and  for  a  few  miles  inland  the  rocks  are  largely  conglomerates 
and  slates  of  Carboniferous  age,  but  farther  back  they  are  almost 
entirely  crystalline  in  character.  The  drift  of  the  stratified  type, 
while  locally  quite  thick  in  the  vicinity  of  Narragansett  Bay,  is  not 
strikingly  developed  in  other  portions  of  the  State.  Neither  is  the 
till  nor  the  hardpan  present  in  unusual  amounts.  While  the  drift 
usually  affords  abundant  water  for  the  rural  districts,  resort  to  sur- 
face supplies  is  necessary  in  the  case  of  the  larger  cities  and  towns. 

The  most  abundant  wells  are  of  the  shallow  drift  type.  These 
wells,  both  in  the  till  and  in  the  sands  and  gravels,  usually  obtain 
water  within  a  short  distance  of  the  surface.  In  the  cities,  howevei, 
and  at  other  points  where  the  drift  is  thin,  rock  wells  are  fre([uently 
sunk.  This  is  especially  true  where  the  demand  for  water  for  manu- 
facturing purposes  is  great. 

A  few  supplies,  which  are  good  both  in  quantity  and  quality,  are 
obtained  from  the  rock  wells,  but  in  general  the  waters  of  such  wells 
contain  considerable  amounts  of  mineral  matter  and  are  unfit  forcer- 
tain  uses.  The  rock  waters  are  usually  found  within  200  or  300  feet 
of  the  surface,  it  being  generally  useless  to  drill  deeper. 
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NOTES  ON  WELLS  OP  RHODE  ISLAND. 

No.  13.  The  strata  penetrated  in  this  well  were  clay  10  feet,  gravel  140 
qnicksand    125   feet,  rcx^k   to  bottom.     Analysis    reported    by  owner   (analjr^ 
tmknown) : 

AnalysM  of  tauter  from  well  at  Arlington^  JR.  L 

[PariH-per  million.] 

Total  residue . 240. 

Loss  by  calcination . 10. 

Residue  after  calcination.     .   .   .    _ .         .  280. 

Lime. .              .-.       72. 

Magnesia .     - -   - . - 14. 4^ 

Sulphur  trioxide  _   -    . . - - .  .  84. 3 

Chlorine -.   .     -    .. - 35.5 

Nitrates.            .   -     -   -     -.       - -     None^p^ 

Nitrites .                                        None 

Ammonia ...         _ .  - .  Traces— 

Ammonia  (albuminoid) . . None..^ 

Organic  substances  rcHjuire  oxygen  ...           0. 1 

Iron            .  -   - .    -     - .   -  -       .  - Traces.^ 


Temporary  hardness    .     .    .     .       . 9. 1'^ 

Permanent  hardness    . - . .  . _  2. 4'' 


Total  hardness ..  .  11.5" 

No.  15.  The  Lonsdale  Company  has  51  wells,  all  connected  with  one  large  pipe. 
The  water  is  used  for  bleaching  cotton  cloth. 

No.  24.  Analysis  by  E.  J.  Lederle,  1901.  Appearance,  slightly  turbid;  sediment, 
very  slight:  color,  none;  rnlor  (heated  to  100'  F.),  none. 

AualyHix  of  waiter  from  well  at  Saunderstoirn ,  Mass, 

[Partw  i»er  million.] 

Chlorine  in  chlorides . .                                                     .  20. 00 

Equivalent  t^)  sodium  (;hloride.                                                       83. 00 

Phosphates ... None. 

Nitrogen  in  nitrites .                                                                .       .           None. 

Nitrogen  in  nitrates  (reduction  to  sodium  amalgam)  ...      1 .  10 

Free  ammonia . .       . .  Trace. 

Albuminoid  ammonia ...                                                         ,     .02 

Hardness  (l)efore  boiling) ...                                              . .       37. 60 

Equivalent  to  carb.mate  of  lime  (after  boiling)  .               . .  35. 20 

Organic  and  volatile  matter  (loss  on  ignition)  ...  30. 00 

Mineral  matter  (nonvolatile)    . .  . .             . .       ...  95. 00 

Total  solids  (by  evajwration ) .                                            ...  125. 00 

SPRINGS. 

While  the  actual  number  of  springs  in  Rhode  Islard  is  fairly  large, 
their  number  relative  to  that  in  the  more  hilly  portions  of  New  Eng- 
land is  small.  They  are  of  (considerable  economic  importance,  how- 
ever, l>ecause  of  their  n(»arness  to  large  centers  of  population,  and  the 
watei-s  from  a  considerable  number  are  placjed  on  the  market. 
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NOTES  ON  SPRINGS  OP  RHODE  ISLAND. 

No.  1.  The  water,  which  is  from  Lafayette  Spring,  shows  a  slight  film  on  tbe 
surface,  and  carries  some  sediment,  which  settles  readily.    The  sediment  and  filii^ 
are  due  to  the  presence  of  iron,  which  is  removed  before  the  water  is  put  on  tb.e 
market  by  filtering  through  a  series  of  troughs  and  pipes  filled  with  sand.    Tbi.0 
first  of  the  following  analyses  shows  the  water  as  it  comes  from  the  spring  and 
the  second  from  the  basin  after  filtration.    Analyses  by  William  J.  Galder: 

AncUyae^  of  water  front,  spring  at  Bristol^  R,  I. 


Organic  and  volatile  matter 

Mineral  matter. . . -   . 

Total  solid  matter 

Combined  as  follows: 

Silica  and  insoluble  matter 
Iron  and  aluminum  oxides 

Calcium  sulphate 

Calcium  carbonate 

Magnesium  carbonate 

Sodium  chloride. 

Free  ammonia. 

Albuminoid  ammonia  . 

Total 


Parts  i)er  million. 

No.  1. 

Nb.2. 

12.0 

13. 0 

51. » 

48.0 

88.9 

55.^ 

6.0 

6.0 

11.0 

5.<^ 

10.0 

10.  (^ 

13.8 

18.5 

5.0 

5.0 

6.0 

6.0 

None. 

None. 

8.5 

Trace. 

188.1 

157.5 

The  water  is  of  excellent  (quality  and  perfectly  adapted  for  drinking  purposes. 

No.  2.  Supposed  to  have  medicinal  properties,  but  has  not  been  placed  on  the 
market. 

No.  8.  This  water  is  from  the  Eureka  Springs  and  contains  considerable  amounts 
of  iron,  and  is  supposed  to  aid  digestion.  About  50.000  gallons  are  put  on  the 
market  annually.    An  analysis  made  by  C.  F.  Chandler  in  1901  is  as  follows: 

Analysis  of  water  from  spring  at  Portsmouth^  R,  I, 

[PBrts  i)er  million.] 

Appearance Clear. 

Color .   None. 

Odor None. 

Taste _ None. 

Chlorine  in  chlorides 9. 0 

Phosphates None. 

Nitrogen  in  nitrites None. 

Nitrogen  in  nitrates.       . : .8 

Free  ammonia . .    ,03 

Albuminoid  ammonia 008 
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ial nitrogeii .3 

rdness  (before  boiling) .  20. 9 

rdnees  (after boiling) -               .     .  20.9 

Total  solids  (by  evaiMTation) 57. 8 

To.  5.  The  water  is  regarded  as  of  valne  in  cases  of  Bright 's  disease  and  con- 

aption,  bnt  none  has  been  placed  on  the  market. 

^o.  7.  Said  to  be  beneficial  for  certain  diseases. 

^o.  9.  Reported  to  be  beneficial  for  kidney  and  bladder  troubles.    A  small 

antity  is  placed  on  the  market. 

5^0.  11.  Analysis  of  Granite  Spring  water  by  Edwin  E.  Calder,  1892: 

Aiuilyisis  of  tvater  frtyni  spring  at  Johnston,  R.  I, 

[Parts  per  million.] 

>tal  solid  matter . . 39. 9 

•ganic  and  volatile  matter 12. 0 

ineral  matter 27.9 

flolnble  (sand,  etc.) _ 5. 0 

on  and  aluminum  oxides _ 2.0 

ildtun  carbonate  .    .   .  13.0 

dium  chloride 7.0 

lee  ammonia _  .  .009 

Ibmmnoid  ammonia. .  .009 

The  water  is  of  excellent  (quality,  and  i8  well  fitted  for  drinking  and  cooking 
uposes. 


OONNECTK^tlT. 


By  H.  E.  Gregory. 


The  rocks  of  Connecticut  may  be  grouped  into  a  number  of  broad 
north-south  belts  representing  three  distinct  types  of  materials.     The 
western  belt,  which  lies  along  the  western  boundary  of  the  Stat«,  is 
characterized  by  thick  beds  of  limestone  which  alternate  with  crystal- 
line beds.     A  broad  belt  of  sandstones  and  shales,  interbedded  at  a 
number  of  points  with  thick  sheets  of  trap  rock,  extends  along  the 
Connecticut  Valley  from  the  Massachusetts  line  to  the  coast,  reaching 
for  some  distance  away  from  the  river  on  each  side.     A  small  area  of 
similar  rocks  also  occurs  along  the  valley  of  the  Pomperaug  River. 
Between  the  sandstone  and  the  limestone  belts  lies  a  broad  area  of 
more  or  less  crystalline  rocks,  while  to  the  east  and  extending  into 
Rhode  Island  is  a  second  area  of  similar  character.     The  hills  and 
uplands  are  in  general  characterized  by  the  presence  of  considerable 
till,  while  in  the  valleys  sands  and  gravels  often  occur  in  considerable 
thicknesses. 

WEIiliS. 

Wells  are  abundant  both  in  the  drift  and  in  the  consolidated  rocks. 
The  wells  in  the  till  are  generally  shallow  and  yield  soft  water,  but 
the  amounts  are  usually  small  and  the  supplies  frequently  fail.  The 
gravels  and  sands  of  the  valleys,  however,  often  furnish  large 
amounts  of  good  water. 

The  water  supplies  from  the  rock  wells  in  the  limestone  are  varia- 
ble, but  wells  usually  have  to  go  KM)  to  200  feet  to  secure  satisfactory 
volumes.  The  sandstones  of  the  Connecticut  Valley  and  vicinity 
carry  much  water,  but  the  individual  beds  are  of  irregular  occurrence 
and  limited  extent,  while  the  entire  series  is  more  or  less  broken  by 
faults.  For  this  reason  flowing  water  is  almost  never  found.  The 
waters  of  the  sandstone  belt  are  commonly  hard,  but  are  otherwise 
of  good  quality.  In  the  crystalline  area,  because  of  the  density  of 
the  rocks,  less  water  is  absorbed  than  in  either  of  the  other  belts,  and 
wells  do  not  so  commonly  find  large  supplies.  Wells  in  the  rocks  of 
this  type  average  about  125  feet  in  depth.  The  waters  frequently 
carry  much  mineral  matter. 
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s§ 
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K 
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2 
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't 

A« 

e> 

P 

*et. 
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rock. 

Rock 

4«      100 

Shale 

MO 

40 

Rock 

1 
»+  1  504- 

do.... 

17 



Blnestone 

1^1 


Fe«^ 


I 


i  -  ,    ao  . 

12  iNonel 


Rock 
do 


0? 


,V)  ,None 


Rrx:k 


Red  trap 
rock. 


30  r 


8f» 


r5 


Blue  slate 


Rock 


do... 


W 


no      ;« 


Red  sand- 
stone. 

Rock  .... 


do....' 


06        35    Limestone 
no       :«»    Slaty  rock 

4><  '      70  !  Rock 


■+-  I Red  sand- 
stone. 

i4  I     r>3  I  S  a  n  d  - 

1     stoneCr) 


-46 

-50 

-50 

-100 

+2 

-30 
-13 

-30 

-30 
-28 

0 

-12 

0 
+1 

0 

-IH 

+9 

-86 
-  52 

-15 
U 


s. 


5 

d 

a 

u 

I 


Quality. 


GaU. 
15 
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Use. 


Pump 
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No. 


Hard 


40 


2 


.do.... 

.do.... 

do.... 

.do.... 


Electric 
pomp. 

Pump 

Windmill.. 

Electric 
pump. 

Flows 


do 


.do. 


Several :  Hard^iron 


8    Slightly 
I     hard. 


Windmill 
Pump 


55 
75 

30 


Hard 
Soft  . 


Hard 


Windmill 

Pump 

Windmill 


Pump 
do 


-I 


DomestiCfSta- 
ble,  fire  pro- 
tection. 

Domestic, 
medicinal. 

Dom^tic 

Domestic, 
garden. 

Domestic 


Drinking 

Domestic, 
farm. 

Ice  machine, 
store. 

Drinking 


Good Abandoned 


54 


51 


l|i  H  a  r  d  .  '  Flows 

mineral. ' 

'  I 

1  ,  Hard,8ul-   do 

phur. 

45    Hard... 


U 


3 


do. 


Pump  . 
Siphon 


do... 


-a 


44) 


60  I  Sulphur 


Alkaline 
Hard.... 


9 


Hand  pump 
Pump 


do 
.do 


34 

86 

36 
37 

38 

♦39 

♦40 
41 

42 

43 
44 

45 

♦46 

♦47 
♦48 

49 

50 

Supplies  lake  i     51 
in  park.        I 

Drinking 52 

Bakery,   sau-  {      53 
sage  manu- ' 
facturing.     i 

None 54 

do ^56 


D  r  i  nking 
fountain  in 
park. 

Drinking, 
farm. 

Drinking 


-15! Sevorl:  Medium Abandoned..       66 

alkaUno.  i 


->-    None  Red  sand-        — 2fi 
Htone. 

>4  I      47  I  Sand<)tone 

do  ... 


50 


-28 
125 

+  15 

70  I 


Pump Domestic 57 


54 

50 


Hard,  iron do Drinking 58 

4     Soft Electric    Boil-r,  domes-  ♦SO 

j  pump.        I     tic. 

2JJ5  I  Very  hard  Pump Washing  silks  ♦flO 


75    Hard do Town  supply . 


U 


do 


do 


t)  ,     100  ,  Rock 


0 


S«»vcr*l  Hard do Domestic, 


Soft 


'     bam. 
.do Lawns,  etc 


-15 


61 


62 
63 

•64 
♦66 
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CI.  Allen 

E.  8.  Goodrich... 

H.J. Flak _. 

BoDJ.  BaagbtMI- 

D.Hortlirop.. 

H.Hartwell  .. 
8,S.Kliilin  ... 

P.Cnrtdw 

lennaa  Bohr  A 
Co. 


SohwBl>. 
C.A.Lnw _. 

Terry  villo  Water 


L.J.CiilllBtn.-)C  , 
N.N.HUlBnwi.C 
F.K.Halloc.-lE..._ 
W.R.McDonalri. 

Henry  Bnrcliol-. 

Albert  BIck 

J.W.Bmll 


(J.W.Durli™.. 

O.N.Miller.... 

L.    D,  Briiwn 

HonCu. 
A.W.Bnddu... 

Boipttal   for  1 

Inii«nit«  Tolette . 


VBiier,  I  lano 


Plain . . 


roredrill. 

-do.... 

Drilltfd 

e 

do..__ 

•! 

Driven... 

• 

I.™.... 

•1 

■!<..__ 

Driven.. . 

Drilled..- 

do._.. 

do..., 

do..„ 

Driren.. 

DriBod... 

Bored  _._ 

Drilled... 



do.. 

dn-.- 

do..^ 

Drilled.  _ 

Dri™i.  . 

Drilled.. 

Driven... 

Drillwl.^ 

.....do 

, 
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,. 
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-» 
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-» 
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No. 


166 
167 

168 
169 

170 

171 

172 

n78 

♦174 
176 
176 

•177 

178 

179 
180 
181 
182 
183 

184 
185 
186 
187 

188 

189 

190 

191 

192 
198 

194 
196 

196 

197 

196 


County. 


New  Ha- 
ven. 

.....do.... 


.do 
.do 


.do 


do 

do 

do 


.do 
.do 
.do 
.do 


Locality. 


Seymour 

Wallingf ord . 

do 

Waterbury ... 

do 


...do 

...do 

...do 


do 


.....do 

Whitneyville 
Woodbrldge. 


New  Lon-  Colchester 
don. 


...do... 
..do... 
...do... 
..do... 
...do... 


.do.... 
.do.... 
.do.... 
.do.... 

.do.... 

do.... 

do.... 

do.... 


Glasg^o. 

do. 

Groton. 

do. 

do. 


Owner. 


J.W.  Spencer  ,etc 
G.D.Hall 


City  of  Meriden. 

Valentine    Bohe 
Co. 

Jean  Jacques 


PlattBroB.&Co 
C.Tracy 


Waterbury  Brass 
Co. 

Waterbury   Ma- 
chine Co. 

Waterbury  Man- 
ufacturing Co. 

New  Haven  Coun- 
try Club. 

J.  T.  Newton 


do 

do 

Jewett  City. 
Montville . . . 


Mystic . . 
Niantic  . 
Norwich 


C.  N.  Taintor  .... 

J.G.  BiU 

GlasgoYamMills 
Miss  Alice  Damon 

J.F.Sevin,etc 

Thos.  Hamilton . . 

C.  Marquardt 

G.W.Moxley  .... 
The  Aspenook  Co. 
J. P. Scholfleld  ... 

Oral  School   for 
Deaf. 


Andrew     Cham- 
pion. 

Mont\'llle  Stret^t 
I      Rwy.  Co. 

do I  Ulmer    Leather 

Co. 


..do. ...I do FrickCo 

..do Norwich  Town!  Mi«i  M.  A.  Oryer 


.do  —  I  Spragne Angus  Park . . . 

.do do Baltic  Mills  Co 


-do 1 do St.  Mary's  Society 

-do — ,  Stonington  .. 

i 

.do I  Uncasvllle . . . 


Mrs.  Jane   R. 
Chesebro. 


;  J.  B.  Lathrop i  ( ). 

*  See  notes  at  end  of  this  table. 
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40 


65 
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17U 


tit 


7rt 


.do 
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35 


Rock 
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.  Rock 
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'  Rock 
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,  Gravel. 
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None;  Rock. 
None' do 
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-6 

-6 
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-80 
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-0 


-6 
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-40 

+0 
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54 
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62 
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68 


60 

68 
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48 


0 

d 

1 

s. 

■d 
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Quality. 
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85 


60 
160 

20 
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Ample. 
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12 
8 

2* 
4 


Ample. 
10 
Ample. 


20 
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Soft 


Hard. 
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Slightly 
hard. 

Hard 


Soft 


Hard.... 

Soft 
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-...do.  . 
Soft 


How  ob- 
tained 
where  ved. 


Pomp 

Hand  pump 


Use. 


No. 


do 

Pump 

do 


I 


Domentic 166 

Farm '  167 

I 

Sewage,  farm  168 

Condensers . .  109 


do 

do 

Steam  pump 

Power  pump 

Pump 

Gas  engine. 


Flows 


Siphon 


Pump j 

Windmill- -I 
Force  pumpj 
Windmill.. 


Ginger  ale 
works. 

Dip  room 

Domestic 

Washing 
metal. 

Drinking,etc 

Drinking 

All  purposes. 

Drinking 

Domestic, 
farm. 

Domestic 

do 


Soft 

do... 


Hand  pump' 
Foirepump 

Pump ' 

Wit.dmill.. 


15 


10 


Pump 


Cottages 

Domestic, 
bam. 

Various 

Domestic 

Bleacbing,etc 

House    and 
grounds. 

Not  flninhed . 

Domestic 

Bt)ilerM. 


40 


50 


!  E loctric 

I      pump. 

Lime,;  Pump | Abandoned 

I      magn*?-  ^  ,1     (too  much 

8ia-  '  I    m  i  n  e  r  a  1 

10  :  Hard do ')     f or Ix^ilern ) . 

...|  Hard,    do Domestic  — 

1      iron.  I 


2  1  Soft Windmill 


do 


Severn'  81  i  gh  tly     Pump 1 do 

hard. 


9  I  Hard Windmill 


14' 


.Soft 


.do do 


do 


Educational 
InHtitutioD. 

5  families, 
stable. 

Domestic 


170 

171 

172 

*173 

♦174 
176 
176 

♦177 

178 

179 
180 
181 
182 
183 

184 
185 
186 
187 

188 

189 

190 

191 

192 
19:3 

194 

ite 

196 
197 
198 
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No. 


Oonnty. 


199 

800 
801 
208 

806 
•804 

•806 
806 
807 

806 

809 

810 

811 

818 

818 

814 
816 

816 
817 

818 

819 

880 
821 


NowLon- 
doxL 

do.... 

Tolland. 

do.... 


-do .'. 
.do.. 


.do 
.do 
do 


Windham 
do.... 


.do 
.do 
.do 
.do 


.....do 
do 

.....do 
....do 

do 


.do 


do... 
.do... 


Locality. 


Voluntown 


do... 

Andover 
Hebron  . 


Mansfield 
do.... 


Bockville  .. 
Somersville 
Talcottville 


Killingly. 
do...:. 


.do 


Plainfield 
Pomfert.. 
Patnam .. 


..do 
...do 


Thomimon 
do 

do 

do 


do 

Wauregan 


Owner. 


J.N.  Lewis 


do 

R.  P.  Chapman 
E.W.Bill 


A.K.Brown 

Aericaltnral  Col- 
lege. 

B.L.Burr 

W.H.  Billings... 

Talcott  Bros 


Attawangan  Co . 
S.C.Hntchins... 
J.M.  Paine 


Plainfield    Wool- 
en Co. 

Mary  V.Clark.... 
Rosa  P.  Danielson 


E.  M.  Harris 
G.A.Pettis. 


o 


Sitna-   ,  Date    tt..„  o,„,t, 
tion.     driUod.:^''^  **""'' 


O,    Level  .. 

O.  ....do...j 

M.'  Knoll  .. 
O.    Hill  .... 


imi 

1901 
1901 


Drilled 


.do 

.do.... 
do... 


« 
^ 


■*■> 

p 


9 

if 


3 


O.    Valley do 


O.    Hill.. 

O do. 

O.    Level. 


1H91 


.do.... 


1890    ' do-... 


O. 


Slope . . 


O.    Plain... 


O. 


..do.. 


1890 
1896 

1H98 

1895 


O.    Slope...     1897 


M. 
O. 


Valley.. 
Slope . . . 


1908 
1900 


.do 
.do 

do 

.do 

.do 

.do 

do 


O.    Hill I    1896     do. 


O. 


J.  M.Chapin :  M. 

.T.N.Kingsbury..'  O. 


I 


C.E.Olney. 
N.  B.  Ream 


J.H.Wilkes 

Chnrch  of  Sacred 
Heart. 


O. 

O. 

O. 
O. 


I 


In».  Fe 
6 

6  ! 

5  i     y 

6  1( 

6 

G  ^ 


6  ( 
6  '  } 
6      8! 


6 


1] 


\ 


6  I    1^ 

6  It 

ti  I    (11 

6  4: 

I 

6  m- 

C  '    11 

6 
6 

8 

G  '    i 

0 
G 


*  Seo  notes  at  end  of  this  table. 
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1» 

z 
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-« 

...... 

so 
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Soft 

Bmrd 

OB 

we 

m 
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-« 

■305 
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1      M 
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,Or«v6l,       -« 

Domestic 

rni 

do 

General 
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Drinklng.  eto. 
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domemlD. 
AH  pun™™. 

„>! ... 

udruck 
Nonel  Sand,  top 

;»iB«k_.... 

-M 
-20 

-ao 

-15 

u 

7 

W      I«U 

i»>    ml 

) 

H»rd-... 

Hud.anl- 

phnr 
Bofl 

^twmpump 
Power  pum] 
Pump 

m 

' 

1 
15i 

no  ISoDB  Koek 

4(l,'NoDe-.--do   ... 
7*.      K  — _.do...- 

1.-.  [                  jQ      _ 

au- 
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....... 
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15 

3 
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Iron 

Hard,— 
do... 
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pump, 

Wlmlmlll 
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Domestic 
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iag. 
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NOTES  ON  WELLS  OF  CXDNNECTICUT. 

No.  8.  Analysis  by  S.  P.  Wheeler,  1903: 

Analysis  of  water  from  tnell  at  Easton,  Conn, 

[Parts  iMr  miUlo&.] 

Soda 

Potash 

Magnesia \    M 

Lime 

Carbonic  acjid 

Chlorine . .        !• 

Sulphur  trioxide •_ Ill 

Oxide  of  iron  . .   . It 

Lithia     Tn» 


Total.. 80.6 

No.  9.  Analysis  by  S.  P.  Wheeler,  1899: 

Analysis  of  teater  from  well  at  Fairfield^  Conn. 

[Part«  per  miUion.] 

Free  ammonia Nonfc 

Albuminoid  ammonia     .. _ O.W 

Hardness. 164.8 

No.  23.  This  well  is  one  of  a  gang  of  driven  wells  owned  by  the  Bidgefield 
Water  Supply  Company,  which  supplies  the  town.  The  wells  consist  of  two 
6-inch  and  three  3-inch  driven  wells.  The  well  in  the  table  is  one  of  the  best  of 
the  five.  The  other  0-inch  well  was  driven  to  a  depth  of  about  75  feet,  bnt 
obtained  very  little  water.  The  3-inch  wells  are  about  the  same  depth  as  the 
6-inch. 

No.  26.  Analysis  by  S.  P.  Wheeler,  1902: 

Analysis  of  water  from  well  at  South  Xonoalk,  Conn. 

[Parts  i)er  million.l 

Appearance ... Very  faint  sediment  on  standing- 
Color  _ None. 

Odor  at  1 00^  F None. 

Chlorine .-. 25.0 

Equivalent  to  sodium  chloride. „    58.5 

Nitrites  . None. 

Free  ammonia 053 

Albuminoid  ammonia .  (^ 

Hardness  (as  calcium  carbonate) 62. 9 

Organic  and  volatile  (loss  on  ignition) 12. 0 

Mineral  matter  (nonvolatile) 200. 0 

Total  solids  by  evaporation 212. 0 

Gas  (carbonic,  air) Undetermined 

This  water  is  suitable  for  drinking  and  general  household  use.    The  scal( 
ingredients  are  equivalent  to  210.8  parts  per  million. 
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Ka  28.  Analysis  by  H.  T.  Volte,  1893: 

Analygis  of  water  from  well  at  Stamford^  Conn, 

[Parts  per  million.] 

Appearance,  etc - Clear. 

Odor,  heiM^d  to  100"  F _ Normal. 

Chlorine  in  chlorides 9. 28 

Equivalent  to  sodium  chloride 14. 74 

Phosphates .  None. 

Nitrogen  in  nitrates  and  nitrites. _ Trace. 

Free  ammonia .  _.  .2 

Allmminoid  ammonia .5 

Hsrdneas,  equivalent  to  calciam  carbonate  (before  boiling) 10. 7 

Hardness  (after  boiling)  _ _ None. 

Organic  and  volatile  (loss  on  ignition) 6.0 

WnaenX  matter  (nonvolatile) 100. 0 

Total  solids  by  evax)oration. 106. 0 

No.  39.  Analysis  reported  by  owner  (analyst  nnknown): 

Analysis  of  water  from  well  at  Bloomfleld,  Conn. 

[Parts  per  million.] 

CUdmn  sulphate 1,108 

Magnesinm  sulphate 526 

Caldmn  and  magnesian  carbonates 54 

Silica 20 

Iron - - _.  15 

Phosphoric  acid,  etc 60 

Sodiom  and  x>ota8sium  chlorides,  etc 337 

lithia - - 1 

Organic  and  volatile  matter 410 


Total  solids 2,523 

The  anal3rsis  shows  the  water  to  be  a  mineral  water  resembling  that  of  Epsom, 
England. 

Record  of  well  at  Bloomfield,  Conn, 

Feet. 

Reddiahmarl - - •  9 

Swdstone - -  1 

Black  shale,  etc .  30 

Bed  sandstone -  8 

Black  shale  and  sandstone 2 

Black  shale.. -- -- 22 

Black  and  clay  shale - 4 

Blackshale - -       -  8 

Brown,  black,  and  clay  shale 8 

Sandstone,  black  shale,  and  blue  clay  shale 8 

Blackshale 1 
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No.  40.  The  following  analyses  are  reiiorted  by  owner  (analyst  unknown): 
Biicieriologiciil  lUKtlysut  of  tvaterfratn  tcell  at  Crescent  Beach,  Conn. 

Gk'latin  plate  cultures: 

Number  colonies  per  cubic  centimeter,  St.  44^^475;  1/10  57 — 49. 

Average,  500,  harmless. 

Period  of  incubation,  70  hours  at  20*  C. 
Preliminary  fermentation  tube,  negative. 
Remarks:  Bacillus  Coli  communis  not  present. 

Physical  analysis  of  xcater  from  well  at  Crescetit  Beach,  Cofin, 

Appearance: 

Turbidity,  considerable,  smoky;  alumina  in  susx)ension. 

Sediment,  none. 

Odor,  hot,  none;  cold,  none. 

Ck)lor,  0.3  (Hazen). 

Chemical  analysis  of  tcater  from  well  at  Crescetit  Beach,  Conn. 

[Parts  per  million.] 
Residue  on  evax)oration: 

Loss  on  ignition  .    14.0 

Fixed 118.0 

Total 132.0 

Anmionia: 

Free .(M 

Albuminoid  ... OH  ^ 

Total .0(4 

Chlorine 22.0 

Hardness  eiiuivaleut  calcium  carbonate 26. 0 

Nitrogen: 

NitriteH.. 001 

Nitrates . 100 

Iron Trace. 

No.  40.  Analysis  rejKjrted  by  owner  (analyst  imknown): 

Analysis  of  water  from  Capewcll  Horse  Nail  Company's  well  at  Hartford,  Conn. 

[Parts  i>er  millioii.] 

Sodium  chloride .         .       .   _ 37.0 

Potassium  sulphate      .    .     ... . 6.4 

Sodium  sulphate _ .  222.8 

Magnesium  sulphate 155.5 

Calcium  sulphate  _ . .   ... 271.i 

Calcium  carbonate - .-. 158.4 

Calcium  nitrate . .     * 12.1 

Silica .    ^ ...  18.5 

Iron  oxide. -- . .' 

Undetermined,  chiefly  water  in  combination 57.1 

Total  residue  at  110   C.  .  m.^ 

No.  47.  This  well  was  bored  forty  or  more  years  ago  by  Samuel  Colt,  and  nntJ 
four  or  five  years  ago  always  flowed  more  or  less.  At  that  time  a  well  was  drilled 
by  the  Capewell  Comi>any  about  1,000  feet  to  the  north  and  was  shot,  after  whid 
the  Colt  well  ceased  to  flow. 
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AnaXyns  by  H.  E.  Smith: 

AneUifBiM  of  water  from  city  well  at  Hartford,  Conn, 

[Purts  per  million.] 

ids 628.00 

as  chlorides 18. 00 

3  acid  (SO4)  as  sulphates 857. 77 


of  free  ammonia 

of  albtumnoM  ammonia 


of  nitrites 

of  nitrates 

onsnmed  from  i)ermanganate 

as  calcinm  carbonate 240. 00 

Y... - 96.00 


.002 

.004 

.008 

.09 

.2 


The  princixMkl  mineral  constituents  of  this  water  are  magnesium  carbon- 
un  carbonate,  magnesium  oxide,  magnesium  sulphate,  sodium  chloride, 
ulphate,  calcinm  sulphate,  lime  sulphate,  and  potassium  sulphate.  A 
3unt  of  fine  sand  and  other  siliceous  matter  and  slight  amounts  of  alumina 
were  also  found.  There  was  but  a  trace  of  nitrates  and  no  appreciable 
i  organic  matter  or  ammonia.    The  water  gave  an  alkaline  reaction. 

Analysis  of  Westminister  School  well  by  H.  E.  Smith,  1900: 

Analysts  of  tcater  from  well  at  Sim^sbury,  Conn, 

[Parts  x>er  million.] 

idne  on  evaporation 69. 00 

- - .  5.00 

combined 2. 00 

of  free  ammonia _ 008 

of  albuminoid  ammonia .  012 

of  nitrites.- .000 

of  nitrates. _ .08 

onsumed  from  permanganate  in  one-half  hour  at  100**  C .10 

I  as  calcium  carbonate 28. 0 

results  show  that  the  water  contained  only  a  small  amount  of  mineral 
bat  it  is  soft  for  ground  water,  and  that  it  is  of  high  organic  purity.    The 
ir  chlorine  and  nitrates  are  normal,  and  indicate  the  absence  of  sewage 
lation. 
Analysis  reported  by  owner  (analyst  unknown) : 

Analysis  oftoaterfrom  well  at  South  Manchester,  Conn, 


Grains  -per 
gallon. 


sulphate 

n  sulphate . . . 

lulphate 

;hloride 

»rbonate 

mi  carbonate. 


alnminTun  oxidee 


87. 902 

.488 

1.902 

.249 

1.439 

2.895 

1.238 

.081 

95. 694 


Parts  per 
million. 


1,508.1 

8.3 

32.5 

4.8 

24.6 

41.1 

21.2 

1.4 


1 ,  636. 5 


t  102—04 10 
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Nos.  64-65.  The  deep  well,  No.  64,  was  started  with  the  intention  of  supp 
the  **  Home  "  with  water,  but  it  was  afterwards  found  that  the  boilers  and 
would  probably  be  injured  by  its  use,  and  city  water  was  substituted.    For  C 
ing  purposes  the  water  from  a  dug  well,  No.  6."),  is  used,  but  it  contains  iroi 
rapidly  corrodes  cooking  utensils. 

No.  70.  Analysis  reported  by  owner  (analyst  unknown): 

Analysis  of  water  from  well  at  Windsor,  Conn, 

[Parts  per  million.] 

Free  ammonia . 

Albuminoid  ammonia 

Chlorine- 1 

Lime .     2-] 

Magnesium  sulphate .  _  _ 2^ 

Hardness,  compared  with  distilled  water 

No.  72.  First  50  feet  was  ordinary  unconsolidated  material.  Beginning  a 
point  a  limestone  25  feet  thick  was  passed  through,  after  which  sandston 
penetrated  to  the  bottom  of  the  well. 

No.  90.  This  well  was  drilled  by  the  operators  of  the  coal  mine  for  coal, 
stated  that  if  the  well  is  allowe  1  to  flow  freely  that  other  adjacent  wells  ar< 
ered.    The  water  can  not  be  used  in  boilers. 

No.  97.  Analysis  (1897)  reported  by  owner  (analyst  unknown): 

Analysis  of  xcater  from  tcell  at  MiddUeton,  Conn. 

[Parts  per  million.] 

Total  solids 

Chlorine \ .  _ _ 

Sodium  chloride 

Magnesium  sulphate  and  calcium  carbonate      .     . .   

Hardness  as  comjMired  with  distilled  water 

This  proved  too  hard  for  use  in  dyeing,  but  is  a  good  drinking  water. 

No.  104.  This  well  started  in  the  bottom  of  an  old  well,  25  feet  deep,  d 
1656.  Aiter  penetrating  40  feet  of  brown  sandstone  a  small  stream  of  watc 
obtained,  but  it  was  not  i)ermaneut.  The  well  for  800  feet  below  this  was  ii 
of  similar  character.  At  400  feet  it  passed  through  soft  bluish  shale  with  ar 
of.  petroleum.  Near  the  bottom  granitic  fragments  were  brought  up,  bu 
thought  that  it  might  have  been  from  pebbles  in  conglomerate.  The  well  st 
in  blue  shale  below  the  conglomerate. 

No.  131.  The  materials  penetrated  in  this  well  were  clay,  24  feet;  sand,  2( 
clay,  8  feet;  sandstone,  50  feet. 

No.  145.  Analysis  by  H.  E.  Smith,  1900: 

Analysis  of  water  from  well  of  Netc  England  Dairy  ComjHtny,  at  Xew  Haven,  • 

[Parts  per  million.] 

Total  residue  on  evaporation 1 

VolatUe 

Chlorine  combined ! 

Nitrogen  of  free  ammonia 

Nitrogen  of  albuminoid  anmionia 

Nitrogen  of  nitrites _ .  . .    

Nitrogen  of  nitrates 

Oxygen  consumed  from  permanganate  in  one-half  hour  at  100   C' 

Hardness,  as  calcium  carlx)nate 

Color 
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.  Analysia  reported  by  owner  (analyst  nnknowu) : 

'«  of  water  from  well  of  F,  B.  Shuster  Company  j  at  New  Haven  ^  Conn, 

[Parts  per  million.] 

due  on  evaporation 404. 0 

l^ition 47. 5 

- -.  73.78 

m-_ ..  11.07 

44.0 

jacidaaSO^.--. ,.  26.8 

of  nitrates - 28.0 

.  There  is  a  gronp  of  9  wells  driven  in  the  floor  of  the  engine  honse, 
18  feet  below  adjacent  grade.    The  water  stands  3  feet  below  the  floor. 
.  Analysis  by  H.  E.  Smith,  1898: 

i'ysis  of  water  from  well  of  O.  D.  WatrouSj  at  New  Haven,  Conn. 

[Parts  per  million.] 

due  on  evaporation _  _ 48. 

combined . .w 2. 75 

of  free  ammonia 006 

of  albuminoid  ammonia 026 

of  nitrates ,20 

of  nitrites _ .  000 

onsumed  from  x)ermanganate  in  one-half  hour  at  100"  C 2. 8 

,  as  calcium  carbonate 35. 0 

results  show  that  the  water  contains  only  a  small  amount  of  mineral 
!iat  it  is  soft,  that  it  is  free  from  drainage  or  sewage  contamination,  and 
of  good  organic  purity.  In  my  opinion  the  water  is  an  excellent  one  for 
and  other  domestic  uses. 

.  The  Winchester  Rei)eating  Arms  Company  reports  that  they  drilled 
in  red  sandstone,  but  except  for  surfac'e  leakage  it  was  a  dry  hole,  water 
I  in  to  work  the  tools.  The  well  was  started  about  ten  years  ago.  The 
8  inches  in  diameter  and  was  cased  to  500  feat,  but  the  casing  was  with- 
len  well  was  abandoned. 
.  Analysis  by  Levi  Wilcox,  1899: 

of  water  from  well  of  Waterbury  Brass  Company,  at  Waterbury,  Conn. 

[Parts  per  million.] 

dsatlOO^ 138.0 

^tion  .                  -  - 80. 0 

as  chlorides.                                                                                    13. 0 

.    .     30.0 

carbonates .       .  88. 24 

as  nitrates                 13. 5 

- -   -   .0 


148  HYDBOLOGY   OF   EASTEBN    UNITE^  STATES,  1903.        [ko^» 

No.  174.  Analysia  by  Levi  Wilcxa,  1900: 

Analysis  of  water  from  well  of  Waterbury  Machine  Company  at  WcUerbury^  Cowi. 

[Pftrts  per  million.] 

Total  solids  at  100** _ 297.00 

Loss  on  ignition _ 116.00 

Chlorine  as  chlorides 28.50 

Ammonia  as  free  anmionia 014 

Ammonia  as  albuminoid  ammonia 06 

Nitrogen  as  nitrates 2.50 

Hardness  as  calcium  carbonate. lOl.OO 

No.  177.  Analysis  of  water  from  Buttress  Dike  Spring  by  H.  E.  Smith,  190S: 

Analysis  of  water  from  flowing  weU  at  Woodridge,  Conn, 

[pftrts  per  milUon.] 

Total  residue  on  evaporation (J8.0 

Volatile 10.5 

Chlorine  combined 3.60 

Nitrogen  of  free  ammonia .0 

Nitrogen  of  albuminoid  ammonia .Otf 

Nitrogen  of  nitrites _ 0 

Nitrogen  of  nitrates M 

Oxygen  consxmied  from  permanganate  in  one-half  hour  at  100"  C 7 

Hardness  as  calcium  carbonate 80.0 

Color - 0 

The  water  was  clear,  free  from  sediment,  colorless,  and  odorless.  These  results 
show  that  the  water  contains  only  a  small  amount  of  mineral  matter,  that  it  is 
not  hard,  and  that  it  is  of  high  organic  purity.  The  figures  for  chlorine  and 
nitrates  indicate  that  the  water  is  normal  and  free  from  sewage  or  drainage.  In 
my  opinion  the  water  is  an  excellent  one  for  drinking  and  other  domestic  uses. 

No.  2^,  Analysis,  1894,  reported  by  owner  (analyst  unknown): 

Analysis  of  water  from  well  at  Mansfield,  Conn, 

[Parts  per  million.] 

Total  residue 94 

Calcium _ 12.1 

Magnesium . . .    1.8 

Alkalies  as  sodium  _ _ 11.4 

Chlorine 3.2 

Sulphuric  acid  as  SO4 13.4 

Oxides  of  iron  and  aluminum. _ .3 

Silica .  17.8 


*^.* 
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rater  contained  no  lithium,  bat  some  jwtassinm.  Jndging  from  previous 
,  about  one-tenth  is  potassium.  Calculating  the  alkalies  all  as  sodium, 
{tituents  of  water  would  be  somewhat  as  follows: 

Mineral  contents  of  water  from  well  at  Mansfield,  Conn, 

.  [Piuts  per  xniDion.] 

chloride 5.88 

sulphate 29.88 

carbonate 6.67 

1  carbonate 80.20 

ium  carbonate... 6.40 

17.80 

d  aluminum  oxides .80 

05.  Water  horizons  were  encountered  at  25  and  80  feet  below  the  surface, 
\0  feet  a  seam  in  the  rock  was  encountered,  which  carried  off  all  the  water 
hat  level. 

Dgs  are  fairly  abundant  throughout  the  State,  the  largest  being 
'ault  or  joint  cracks  in  the  sandstones  or  crystalline  rocks, 
ftters  issuing  from  both  are  generally  of  fair  volume  and  are 
)ld.  The  springs  from  the  till  yield  soft  water,  but  vary  greatly 
nme  according  to  rainfall,  and  frequently  fail  in  times  of 
it.  Springs  from  the  gravel  are  not  numerous,  those  that  occur 
argely  wet- weather  seeps. 
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No. 


1 
♦2 

8 

4 

6 
6 

7 

8 
•9 

10 

ni 

12 

ns 

14 
15 

ne 

♦17 
18 

19 
•20 

21 
22 
23 
24 

2!) 
♦28 

27 

28 
29 

80 

31 
32 

33 

34 

85 
86 
37 

38 
89 
40 
41 
42 

4:{ 

44 


Mi«^llaneous  tepring 
[Repurt«id 


County. 


Fairfield 
do... 


.do 

.do 
.do 
.do 
.do 

.do 
.do 

.do 

.do 
.do 
.do 


do.-.. 

Hartford 


.do 
.do 
do 


Location. 

Bethel 

Bridgeport  . 

Danbnry 


Owner. 


Gilbert  Bros 

Mohican  Springs. 


Temper- 
atare. 


QuHlity 


F. 


Soft-- 
do 


.do 


Danbory  Spring  Water   •  Pore  . 

Ck). 

Jas.  E.Walsh i do 


do I  Chas.  Hull  Estate.. 

Easton I  Marion  B.  Williams 

NewCanaan W.C.Clarke 


Soft.,  magnesia 


Norwalk . . 
Oronoquo . 

Ridgefleld 


do.... 

Sherman. 
Westport 


Slightly  bard 


Mrs.M.C.Hite 
D.  8.  Guthrie. - 


Wilton 
Avon  - 


B.A.Bryan 

Chas.  Holly 

C.J.Leach 

Port     Royal     Spring 
Water  Co. 

Mrs.  Ed  w.  Olmstead 

Mrs.F.Konold 


86 

40 

48 
50 
50 


Soft.. 
do 


Soft,  alkaline 


Soft.. 
do 


Hard 
Soft- 


Bristol Mr8.E.G.FiUpatrick... 


Canton. 
Granby 


W.  E.  Simonds  Estate . . . . 
Salmon  Brook  Water  Co. 


42 

48 


do.... 

Soft,  CO.. 
Soft 


.do I  Hartford Francis  Gkxxiwin 53     Hard 

.do New  Britain American  Hosiery  Co ' do 


.do Suffleld  .. 

.do I  Weetogue. 

.do '  Windsor. 

I 

.do I do 


Soft. 


E.  C.  Holdridge 45 

N.W.Dodge I  43  ' 

E.E.Case Soft.. 

W.H.  Harvey do 

.do do I  Windsor  Water  Co do 

.do I  Windsor  Locks..'  Windsor  Locks  Water  Co  i do 

Litchfield Canaan |  North  Canaan  Water  Co Hard. 


.do 
.do 

.do 

do 
do 

do 


Cornwall |  C.W.Everett 

Goshen  S.A.Bartholomew 


do 


-do Lime  Rock 


do 

Hotchkinsvillo 

Kent 


E.  S.  Richards 


H.  Q.  Wright 


45 
46 
55 


do 

Soft.. 


do.... 

Soft,  iron 


Litchfield 


.do 

-do New  Milford 

.do ; do 


.do 

.do 

do 

do 

do 


.do 

.do 

.do 

do 

do 


48 


Soft,  sulphur, 
iron,  magnesia 


do '  Norfolk 

.do North  (^anaan. 


E.H.Austin 

Brid^port   Wood   Fin- 
ishing Co. 

H.  M.  Brown  Estate 

Starr  Kinney 

Chas.  Pomoroy 

H.H.  Pomeroy 

Leroy  Randall 

I.  L.Hamant 

W.H.Camp 


50 
42 
50 


Very  hard 

Soft 

do 


I 


50- 


Hard. 
do 


♦  See  notes  at  end  of  this  table. 
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Domestic,  mediciiul . 

Snppliea  twenty  hua 

Be8ideDois.rknn.... 


Hoiuebolil.  tmrr 

TobebotUed.. 

Table,  mediclna 
Private  use.... 

Table  water... 


Name.  imprnTeroentm  re-  jj^, 

CarboDatfuf    plant    con- 
templated^ 

Reeerrolr  contemplated . . 

Yoltowish  deposit       

Cemeo  t  rewirvolr  plannud 
HDd  ram  to  bu  iiutalled. 
Old  Indian  HpTlQi; 
An  adjacent  iqiriuv  aap- 


.  I  Port  Boral  apring  wat 
.'  UsedslncelTK 


Sold  as  table  water 

Drinking 

Family    sapply.  Qranby 


Forced  to  bouse  by  ra 
Peqoabuck  Spring  . . . 

In  priyate  ground — 


.1  Bed  grayElly  soil   Domertioai 


._    Sandplaia 

..    Sandonhardpa 
..'  Sandy  plains  .. 

..'  Mountain sldo do 

..    NottromroPk.,.'  HotelB-aoldinNewTork. 


Domestic 

Domestic,  Bome  aiild . . 
Part  of  town  supply . . 
Public  supply 


.   Not  from  rock, ., 
.    Red  sandstone... 


rhplpa... 

^Ipp 

3and  and  sraTol . 

i-lp-- 

Sand  and  gravel. 

Other  sprinps 

piped    to 

Medicinal  sprtnga  In  vi- 
cinity. 
Numerona  springs  i  Q  town 
Nearly   every  famo  has 
springs. 

from  spriOBS. 
Many^honses  supplied  by 

Kin-ingBvoryn 
ISsprinBSonta 

"" 

Indian  Book  Sprinp 


. 

arm                                1 

Jrinking 
>)m»tic 

EnouKhftir 

faratlips 
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Miscellaneous  spring  records 


No. 


Couuty. 


Location. 


Litchfield 

do-... 

do.... 


do 


45 

46 
47 

48 
♦49 

50 

51 

62  ;  Middlesex 


North  Canaan. 
do 


Owner. 


R.C.Geer 

North  Canaan  Water  Co. 


Northvillo 
Plymonth. 


do '  Roxbnry  station. 


.do "Warren 


W.H.Scott  A  Co. 
A. L. Hodge 


Temper- 
ature. 


F. 


.do 


53 
54 

♦65 


do 
.do 

do 


Winchester 

Chester 

do 

do 


♦56  I do 

57     New  Haven. 


G.C.Hopkins 

R.E.  Holmes 

B.E.Harwood 

First  Baptist  Church .... 
Moses  Joy 

Cobalt I  Cobalt  Water  Power  Co. 


Middletown 
Ansonia 


♦58  |. 
♦59  1. 

00  I. 

I 

♦61  I. 

I 

6:^  '. 

61  i. 

i 
♦65  '. 

♦66    . 

♦67  i. 

68    . 
69 


.do 
.do 

.do 

do 

.do 
do 

do 

do 

do 
do 

.do 
.do 


do 
do 


W.E.  Wilcox 

Anaonia  Water  Co . 


Fountain  Water  Co 
T.W.Sanford 


I 


Derby  Nock 
Highwood  .. 


J.T.CuUen 

Marcus  Wooding 


Meriden Chas.  Parker  Co. 

Milford '  Morton  Grinnell 


Naugatuck  . 
New  Haven. 


Naugatuck  Water  Co. 
W.  8.  Swayne 


I 


North  Haven 
S*»ymonr 


B.P.Judd... 
R.  T.  French 


70   do 

71  Now  London 

72  I do 

ra  do 


do 

South  Britain. 

South bury 

I^banon  

Lisbon 

Lyme 


T.P.Gilyard 

Warren  Mitchell. 


♦74 


♦75 


do 


do 


Willis  Lockwood,  etc. 

C.W.Martin 

E.  F.  BurleHon 

L.P.  Des-sar 


.do Montville 


Hatchell'H  improvement 
Co. 

C.  S.Johnson 


76   . 

78  :. 

♦79   . 

80  I  Tolland  . . . 

81  Windham 

82   do 


.do 

.do 
.do 

-do 


do 

North  Franklin 
Old  Mystic 

Stonington 

Kllington 

Canterbury 

Pomf'^t 


42 
65 
65 


Quality. 


Hard. 


Soft... 
do 


.do 


do 

Hard. 
Soft.. 
do 


60 


48 


45 


47 


40 


Medium. 


Soft,  iron 


Soft, 


Soft. 
Hard 


Soft.. 
do 


do.... 

Soft,  iron 


Soft 

Soft,  iron 

Soft... 

Soft,  gas,  iron..* 


50 


Soft 


Soft 
Iron 


Soloman  Lucas 

L.  A.  Robinson 

Edw.  Lanphore 

B.F.Williams 

F.  M.  Charter 

Susie  E.  Witter !  Soft 

Willis  Cowvell 


Soft 

Medium 


♦8a 

84 


.do ' do 

-do Windham.. 


A.  B.  Lapsley I  Soft.. 

E.  H.  Hall i do 


*  St»o  notes  at  end  of  this  table. 
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vfKTji — Continned. 


SklloiKI 

■ntei. 

MBtsrU  from 
which  BprluB  i»- 

Vm>. 

"•""•'"SJiT""-'" 

Ko. 

■piT 

Kalwol  i^  b<nue  by  irlnd- 

K^<;^aaan                  

Lwg^.nppll.d    bT 

Motfrooimk... 

HooH.    toroo.   to 

Su^lM  .bout  W  t*ml- 

^ 

, 

Not  from  rock... 

"ssLr-  "'—■ 

B«MrTolrfedUrKel7b7 

•fn 

fir 

•mtershiHl     of    wveral 
B|u»re  miles. 

Bold     to     f>mili«     uid 

Seeuotee 

, 

Bold  for  domattlc  <•».... 

Some»ld(ortebleuM.. 
D<HM«lc.(mblic  mapplT  - 

starry  Hill  BprinK,H.B. 

Oorti»m,  Imbbb. 

UvsOakSpHng       

On-ofe-jorccsotMlUorf 

Water  Co. 
See  uotes  for  koalyaU 

m 

WhltavntTel.... 
Not  from  rock... 

S8 

White  Kud 

Mick  ecbliit.  etc.. 
wndslone 

Bold.  pWn  BDd  c»rbon- 

Not  from  reck... 

Iron  deposit;  m«ay  other 
Bprinif*  In  Tlfilnlty. 

SnppUoa     Ave     tunUlm. 
(&«  HQtei..) 

Bhantok  MlDstal  Spring . . 

Not  from  rock... 

DomSBtic,  Bomu  sold 

n. 

■m 

Driuklne.  soiuenold 

''note^r^SE?^)*^ 

oflow 

Notrromrocli... 

Drinking,  tinmmer  real- 

Many  springs  In  reffion . . . 
Bee  notes  for  Mmljsls 

ClarBubaoll 

Bmn.l.ndgmval 

HI 
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NOTES  ON  SPRINGS  OF  CONNECTICUT. 

^o.  2.  Analysis  by  S.  P.  Wheeler: 

Analysis  of  tcaterfroni  spring  at  Bridgeport j  Conn, 

[Parts  -per  million.] 

Calcinm  carbonate 4.0 

Magnesium  carbonat<>- 5.0 

Calcinm  sulphate 1.8 

Silica 5.D 

Iron  oxide 1.3 

Sodium  chloride 23.4 

Potassium  chloride . .  _ 8.5 

Iodine,  a  marked  quantity • Undetermined. 

Total 49.8 

No.  9.  Analysis  by  H.  E.  Smith,  1908: 

Analysis  of  water  from  spring  at  Oronoqne,  Conn. 

[Parts  per  million.] 

Chlorine  combined 2.1 

Nitrogen  of  nitrites 001 

Nitrogen  of  nitrates 05 

Oxygen  consumed  from  i)ermanganate  in  one-half  hour  at  100**  C 2.8 

Hardness 23.0 

Poisonous  metals None. 

Color None. 

The  sample  was  clear,  contained  no  sediment,  was  odorless  and  colorless. 
These  results  show  that  the  water  contains  a  small  amount  of  mineral  matter. 
and  is  soft.  The  figures  for  chlorine  and  nitrates  are  normal,  and  indicate  that 
the  water  is  free  from  drainage  or  sewage  contamination.  The  ammonia,  free 
and  albuminoid,  is  in  excess  on  account  of  wood  and  leaves  which  lay  along  the 
edge  of  the  spring  at  the  time  the  sample  was  taken  for  analysis,  but  which  have 
since  been  cleaned  away  entirely.  The  oxygen  consumed  and  the  residue  on  evap- 
oration are  also  due  to  same  cause. 

No.  11.  Analysis  of  Mamanasco  Spring  water  by  E.  S.  Sperry: 

Analysis  of  xoater  from  spring  at  Ridgefleldj  Conn. 

[Parts  per  million.] 

Free  ammonia None. 

Albuminoid  ammonia 0.02 

Chlorine - 5.0 

Nitrates. -- None. 

Poisonous  metals None. 

Silica - 6.8 

Iron  oxide •* 

Sodium  chloride 5. 1 

Sodium  sulphate _ _ 9.5 

Potassium  sulphate  _ 4.^ 

Calcium  carbonate 5. 5 

Magnesium  carbonate 2.  * 

Loss  on  ignition 8.  ( 

The  water  is  clear  and  colorless,  and  the  analysis  shows  it  to  be  exceptional 
pure  water,  both  organically  and  inorganically. 
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No.  13.  Analysis  of  Port  Royal  Spring  water  by  H.  E.  Smith: 

AtuUynut  of  waterfront,  tqnring  at  Westjwrtf  Conn. 

[Pftrts  per  million.] 

Sodium  chloride 11.5 

Sodinm  sulphate  6. 7 

PotasBinm  sulphate 4.0 

Odcium  carbonate 10. 8 

GBldnm  nitrate 10. 6 

CUdmn  solphate 6. 6 

Xignesinm  carbonate 9. 0 

Silica 10.9 

Iran,  manganese,  and  alominmn  oxides .8 

"So.  16.  Analysis  of  Pequabnck  Mountain  spring  water  by  R.  H.  Chittenden, 

1895: 

Analynis  of  water  from  spring  at  Bristol^  Conn. 

[Parts  per  million.] 

Silica 18.1 

CBlcinm  carbonate 7. 6 

IbgDednm  carbonate 8.8 

CUcimn  sulphate 8.3 

Sodimn  chloride 2. 5 

Sodiom  sulphate .8 

Sodimn  carbonate .6 

Feme  oxide  and  alumina .3 


Total 37.0 

The  water  is  a  pure,  soft  water  with  an  alkaline  reac^tion,  and  contains  but  a 
^  of  organic  matter. 
Ko.  17.  Aji^ilysis  reported  by  owner  (analyst  unknown) : 

Analysis  of  vxiter  from  spring  at  Canton  ^  Conn. 

[Parts  per  million.] 

Oalcimn  carbonate :. 5. 9 

ll^esium  carbonate 3. 7 

Sodimn  carbonate. 2. 7 

Sodium  chloride 2.0 

Sodimn  sulphate 1.2 

Potaarimn  sulphate 1.8 

Saica 18.8 

lion  and  aluminum  oxides .2 

Volatile  and  organic  matter _ 2.7 

Total - 34.0 

Ko.  20.  This  spring  is  located  on  the  site  of  what  was  originally  a  very  much 

ODaUer  spring.     In  cleaning  out  this  earlier  spring  a  strong  flow  was  encountered 

St  a  depth  of  10  feet.    The  excavation  was  then  pushed  to  a  depth  of  80  feet,  with 

•  ft  diameter  of  15  feet.    The  fire  pump  of  the  factory  raises  750  gallons  per  minute, 

bat  only  lowers  the  water  a  few  feet,  at  which  point  it  remains  stationary. 
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No.  2«.  Analysis  by  S.  P.  Wheeler: 

AticUyais  of  water  from  Hpring  at  Windaor  Locka^  Conn, 

[Parts  per  million.] 

Color Cle». 

Odor  at  100' F None. 

Nitrites None. 

Free  ammonia Tnoe. 

Albuminoid  ammonia 0.01 

Organic  and  volatile  matter 30.00 

Mineral  matter 88.00 

Hardness 28.00 

Total  solids  by  evaporation 50.00 

No.  49.  The  water  from  this  spring  has  a  reddish  color  and  tastes  of  iron  ind 
sulphur.  A  deposit  of  iron  ore  is  forming  about  the  spring.  In  this  region  aboot 
90  per  cent  of  the  inhabitants  obtain  their  water  supply  from  wdlls,  the  remaining 
10  x)er  cent  from  springs.  Of  springs  about  half  are  first-class  water,  40  per  cent 
of  the  remainder  are  fair,  while  the  remaining  10  per  cent  are  stated  to  be  poor. 
Lead  pipe  is  unfortunately  used  in  a  majority  of  cases  for  conducting  the  spring 
water. 

No.  55.  This  spring  is  located  on  the  property  of  Nathan  Hall,  on  the  slopeflof 
Great  Hill  or  Cobalt  Mountain.  It  is  a  copious  spring,  and  it  is  believed  would 
furnish  ample  water  supply  for  the  village.  There  is  some  talk  of  piping  it  for 
this  purpose. 

No.  56.  Analysis  of  Highland  Spring  reported  by  owAer  (analyst  unknown): 

Analysis  of  water  from  spring  at  Middletotmiy  Conn. 

[Parts  per  million.] 

Silica 9.54 

Calcium  carbonate 23.00 

Magnesium  carbonate 21.74 

Iron  carbonate '. 1.^ 

Calcium  sulphate 2.2: 

Sodium  chloride 2. 1- 

Total 61.(X 

No.  58.  Analysis  by  H.  E.  Smith,  1892: 

Analysis  of  water  from  spring  at  Ansonia,  Conn, 

[Parts  per  million.] 

Total  residue  on  evaporation 29.0 

Volatile 5.0 

Chlorine,  combined 2.35 

Nitrogen  of  free  ammonia .00"- 

Nitrogen  of  albuminoid  ammonia A^ 

Nitrogen  of  nitrates -^ 

Nitrogen  of  nitrites . None- 

Oxygen  consumed  from  permanganate  in  one-half  hour  at  100**  C 2.45 

Hardness,  as  calcium  carbonate 8.0 

Poisonous  metals Non« 

Color Colorle6« 

These  results  show  that  this  water  is  free  from  all  sewage  contamination.  a0 
is  of  excellent  organic  purity.  The  water  is  soft  and  is  well  fitted  for  all  dom£ 
tic  uses. 
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Na  59.  AnalyBiB  of  RocUand  Spring,  reported  by  owner  (analyst  unknown) : 

AncUysis  of  water  from  Spring  at  Ansonia,  Conn. 

[PiurtB  iMT  million.] 

Color None. 

IbtalBoUdaatlWO 94.0 

KoDTolatQe 71.0 

VolatDe 28.0 

Gblorine : 5.96 

Rw  ammonia 004 

JUbuminoid  ammonia 008 

Hitrites 010 

Fitates : 2.00 

Oiygen  oonsomed 00 

lioeaB  of  chlorine 8.88 

Htrdnees,  calcinm  carbonate 4. 8 

Na  61.  AnalysiB  of  Cherry  Hill  Spring  by  H.  E.  Smith: 

Analyna  of  water  from  spring  at  Highwood,  Conn, 

[Pftrts  per  million.] 

Total  reeidae  on  eyaporatkm 60. 0 

Vdatfle 11.0 

CSikrine combined 8.2 

Nitrogen  of  free  ammonia .  004 

Nitrogen  of  albominoid  ammonia 080 

Nitrogen  of  nitrites 000 

Nitrogen  of  nitrates 85 

Oxygen  oonsnmed  from  i)ermanganate  in  one-half  hour  at  100°  C .00 

Hardness,  as  carbonate  of  calcinm 23. 0 

The  water  is  colorless,  odorless,  and,  as  the  analysis  shows,  contains  little 
nganic  matter.  It  is  regarded  as  sniteble  for  drinking  and  other  domestic 
porpoees. 

No.  62.  Analysis  of  Live  Oak  Spring  by  C.  D.  Woods,  1894: 

Analysis  of  water  from  spring  at  Meriden,  Conn. 

[Parts  per  million.] 

^ammonia 0.020 

Albmninoid  anmionia 025 

Total  solids  (mainly  common  salt) 106 

Organic  solids 007 

feeral  solids 098 

Hineral  solids  soluble  in  water 072 

Mineral  solids  insoluble  in  water. .   .   072 

No.  65.  Analysis  by  H.  E.  Smith: 

Analysis  of  water  from  spring  at  New  Haven,  Conn. 

[Parts  per  million.] 

Total  residue  on  evaporation 93. 0 

CUorine,  combined 3. 32 

Nitrogen  of  free  ammonia 000 

Nitrogen  of  albuminoid  ammonia -  - .      .  008 

Nitn^n  of  nitrites 000 

Nitrogen  of  nitrates .15 

Qiygen  consumed  from  permanganate  in  one-half  hour  at  100*  C .1 

Hardness,  as  calcium  carbonate , 23. 0 
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These  Tesnlts  show  that  the  water  contains  bat  a  small  amount  of  mineral  nut* 
ter;  that  it  is  of  very  high  organic  purity,  and  is  entirely  free  from  evidence  of 
sewage  contamination. 

No.  66.  Analysis  by  H.  E.  Smith: 

Analysis  of  water  from  spring  at  North  Haven,  Conn. 

[Parts  per  million.] 

Total  residue  on  evaporation 32.0 

Volatile 7.9 

Chlorine,  combined 1.  W 

Nitrogen  of  free  ammonia 008 

Nitrogen  of  albuminoid  ammonia 068 

Nitrogen  of  nitrites .10 

Permanganate  in  one-half  hour  at  100"  C 2.20 

Hardness,  as  calcium  cabonate 6.00 

Poisonous  metals None. 

Color 3 

The  water  is  clear,  odorless,  contains  only  a  small  amount  of  mineral  matter, 
and  is  soft  and  of  excellent  quality  for  surface  water.  There  is  no  evidence  of 
contamination. 

No.  67.  Mineral  analysis  by  R.  H.  Chittenden;  sanitary  analysis  by  H.  E.  Smith: 

Analyses  of  water  of  spring  at  Seymour,  Conn. 

[Parts  per  million.] 
Mineral  analysis: 

Silica 10.4 

Calcium  carbonate 7.4 

Sodium  chloride 4.2 

Magnesium  carbonate ^ 2.2 

Potassium  sulphate 1-6 

Sodium  sulphate 3.5 

Sodium  carbonate  .^.... .3 

Ferric  oxide  and  alumina 2 


Total 29.8 

Sanitary  analysis: 

Residue  on  evaporation _ 38.5 

Nitrogen  of  free  ammonia .0 

Nitrogen  of  albuminoid  ammonia .02 

Nitrogen  of  nitrites .0 

Nitrogen  of  nitrates '  .1 

Hardness 7.0 

Oxygen  consumed 05 

Chlorine 2.4 

Normal  chlorine  for  spring's  locality 2.5 

Excess  chlorine - 0.0 

No.  74.  Analysis  of  Hatohett's  spi*ing,  by  C.  F.  Chandler: 

Analysis  of  toater  of  spring  at  Lyni^,,  Conn. 

[Parts  i>or  million.] 

Appearance  in  2-fo<^t  table Clear. 

( )dor .  None. 

Taste None. 

Phosphates .  None. 
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None. 

None. 

omoida ' ^ None, 

lorides 18.5 

b  to  eodinm  chloride 80.7 

trates 1.8 

Talent  to  calcinm  carbonate '(before  boiling) 88.7 

T  boiling) 80.1 

olatile  matter 7.0 

r 8.0 

lid  xeeidnes  at  110*  C 18.8 

Lyeia  of  Shantok  q^nring,  by  B.  B.  Riggs: 

AnalffwU  of  water  of  spring  at  MontvUUf  Conn. 

[Parts  per  mnUon.] 

phate 8.8 

ie 8.9 

onate "*. .-  1.4 

txmate 18.0 

carbonate 2.1 

.  7.2 

ad  alumina Trace. 

ide 7.9 


51.8 


\  of  a  high  degree  of  organic  parity,  clear,  colorless,  and  odorlees, 

d. 

lysi8byH.E.  Smith  (?): 

Analysis  of  water  of  spring  at  Stonington,  Conn, 

[Parts  per  milUon.] 

3n  evaporation 72. 00 

22.00 

ir 50.00 

bined 4.00 

ee  ammonia 144 

bnminoid  ammonia  ...   120 

itrites 001 

med 6.90 

4.50 

Jysis  by  H.  E.  Smith  (?) : 

Analysis  of  water  of  spring  at  Pomfret,  Conn, 

[Parts  per  million.] 

on  evaporation 52. 5 

16.5 

bined 2.0 

"ee  ammonia 004 

bnminoid  ammonia .  024 

itrites 000 

itrates 2.20 

med  from  x)ermanganate  in  one-half  hour  at  100'  0_ 1. 80 

arbonate  of  calcinm 20. 00 
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ADDmONAIi  WEIili  RECORDS  IN  CONNECTICUT. 


Reported  by  C.  L.  Gbant. 


Mr.  C.  L.  Grant,  of  Hartford,  Conn.,  has  furnished  the  foUowi 
list  of  over  175  wells  drilled  by  himself  within  the  limits  of 
state  of  Connecticut.    The  wells  listed  are  all  over  50  feet  in  dep 
ranging  from  that  depth  upward  to  over  600  feet  in  the  case  of 
Mary  V.  Clark  well,  of  Windham.     The  supplies  vary  from  a 
gallons  per  minute  up  to  250  gallons.    There  are  10  wells  with 
estimated  yield  of  100  gallons  or  over  per  minute,  13  wells  which  f 
at  the  surface,  and  many  more  in  which  the  water  comes  within  a 
feet  of  the  top. 

AdditioncU  well  records  in  Connecticut, 
[Reported  by  C.  L.  Orant.] 


Gonnty. 


Fairfield 
Do.. 


Do 


Do.. 

Do.. 

Hartford. 


Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 

Do 
Do 
Do 

Do 
Do. 


Town. 


Bridgeport 
do.... 


do 


do  ... 

Stamford 
Berlin  ... 


do    ... 

do.... 

do.... 

do.... 

do  .... 

Bloomfield 

do 

Bristol 


Elmwood  . 

do.... 

ForestviUe 


Hartford 
do.. 


Owner. 


A.Stadtler 

Hntchinson,  Pierce  St 
Co. 

Naugatnck  Valley  Ice 
Co. 


F.  Armstrong 
Dennis  Beach 


New  York,  New  Haven 
and  Hartford  R.  R. 

Berlin  Brick  Co 

do 

Yale  Brick  Co 

F.L.Wilcox 

J.  B.Smith 

Douglas  &  Cowles 

Mrs.  A.  S.  Sage 

Bristol  Brass  and  Clock 
Co. 

Mrs.  E.  W.  Talcott.--. 

James  H.  Waldron 

Thirteenth    district 
school. 

J.  A.  Pilgard 

Hartford  Woven  Wire 
Mattress  Co. 

«  Flowing. 


Depth 
of  well. 


Tield 
per  min- 
ute. 


Feet. 
77 
825 

200 

135 
130 
300 


12 
25 

24 


ws 


25 
120 


60 

70 

100 

11 

71 

200 

6 

100 

86 

14 

100 

30 

51 

8 

195 

6 

100 

10 

205 

68 

246 

10 
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Additional  well  record*  tn  OonnectJeuf— Contirmed. 


H»rtfotd ]  Hartford. 


Eeney  Park 

OoodwlnPark 

W.  C.  Wade 

Retreat  for  Insane. . 

D.  F.BtmiB 

W.C.  Wade 

HopUns  &  Co,  Brew- 
ery. 
Capewell    Horee  Nail 


"t: 


.  -do Long  Bros 

.-do I  H.E.  Patten. 


-.do. 


..do Allyn House- 

.  .do  .   Gfiorge  M,  Brown  . 

-do Brady  Bros  

-  -do D.  F.  Eeenan 

-do- F.  C.  Rockwell ... . 

.  .do    St.  Mary's  Home  . . 

-do J,  Dart  &  Son 


..do 


..do  . 


-.do  .   - John  C.  Parsons 

.  -do  . Keney  Park 

.  -do Hotopb  &  Carlseon  . , 

..do John  C.  ParaonH 

..do Frank  S.  TarbOK 


..do  . 


..do  . 


..do .,.,  E.  G.  McCune 

..do Geo.  F.  Hnbbard-. 

.  .do Thomas  E.  Moore . . 

.do William  O'Brien  . . 

.  .do  - - .  Addisoa  &  Impey. . 

. .do  . .   ..- WUliam  Rogers 

..do -..I  Peter  Peterson  .   . . 


11 
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Additional  well  records  in  Connecticut — Continaed. 


County. 

Town. 

Owner. 

Depth 
of  well. 

Yield 

per  min- 

nte. 

i 
wa 

Ft 

1 

Hartford 

Hartford 

A.  Hepburn 

reet. 
50 

50 

50 

60 

50 

50 

50 

70 

65 

75 

53 

168 
70 

195 

200 
60 

250 

200 
80 

237 
75 
67 
91 
50 

150 

359 

212 

63 

60 

331 

61 

110 

135 

53 

62 

52 

175 

100 

Gallons. 
8 

Do 

do 

B.  L.  Chappell 

12 
8 
2 
6 

Do 

.....do 

Geo.  E.  Hurd 

Do   . 

..      do    

0.  W.  Crane 

Do 

do 

C.  A.  Green 

Do. 

.do 

E.  Bierrum 

11 

Do. 

.     .do- 

0.  Bengston. .  _ 

Frank  H.  Seymour 

G^eo.  J.  Maher 

A.  M.  Weber 

2 

Do... 

do 

8 

Do 

do 

13 

Do    

do 

5 

Do 

do 

R.  Balinson 

The  Gk>etz  TVikery 

A.  J.  Sloper 

9 

Do 

Do 

Manchester 

New  Britain 

do 

80 
45 

Do. 

Dennis  &  Co 

40 

Do 

do 

A.  B.  Johnson 

32 

Do 

do 

do  _ 

12 

Do.    _     . 

do 

J,  P.  Curtis 

10 

Do       -  . 

do 

do 

40    ... 

Do 

do 

Wm.  Derby 

6 

Do 

do 

A.  W.  Stanley. 

5  1 

Do 

do 

F.  B.Wischek 

Center  school  district- . 

Mrs.  S.  F.  Robbins 

N.  Terrell 

8 

Do 

Do       .    . 

Newington . : 

do 

20 
12 

Do 

Plainville 

Poqnonock 

Simsbury 

do 

8 

Do 

D(3 

Connecticut  Valley  To- 
bacco Corporation. 

W .  L.  Cushing 

4 

1 

Do         . 

do 

17 

Do 

Do 

Do 

Do 

Do 

Do 

Suffield 

do 

Tariff  ville 

do...- - 

West  Hartford  ... 

do 

do - 

do 

do 

do . ... 

do 

Dr.  M.  T.  Newton 

Second  Bai)tist  Church . 

The  Connecticut  To- 
bacco Corporation. 

Mrs.G.C.Willoughby. 

Janioa  Thompson 

E.G.  Wheaton... 

10 

30 

4 
2^ 

a5 

Do 

Do 

Mrs.  Kate  Gallagher. . . 
W.E.Howe-- 

3 
o 

Do 

L.N.Burt   ..   

6 

Do. 

Do 

P.  Harvard  Reilly 

De  Grev  F.  Crozier 

40 
30 

.) 


oowmKyricuT. 
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Additional  well  records  in  Connecticut — Continaed. 


CofuOj. 

Town, 

Owner. 

Depth 
of  well. 

Yield 
per  min- 
ute. 

Oaltona. 
12 

35 

12 
7 

18 

160 

3 

13 

3 

35 

7 

18 
7 
8 

18 

10 
10 
65 
60 
58 
45 

35 
30 

12 

18 

4 

40 
60 

60 

11 
6 

Depth 
water. 

Hartford 

WestSuffield 

Wethersfield 

do 

Frank  S.  Root 

Feet. 
135 

70 

55 

192 

101 

215 

107 

75 

56 

68 

93 

90 

58 

100 

50 

50 

60 

50 

200 

160 

2.54 

103 

300 

245 

75 

50 

83 

102 

100 

115 

40 

280 

1       129 

1 
1 

80 

200 

110 

57 

55 

Feet. 
124 

Do 

Do 

Reverend  Lynch 

E.  S.  Goodrich 

40 
62 

Do 

do 

C.I.  Allen 

85 

Do 

Windsor 

C.D.Reed..  

Rev.  Gko.  E.  Quaile 

F.W.Etheridge 

A.  B.  Calef 

89 

Utchfield  ... 

Do 

Middlesex.... 

Salisbury 

Thomaston 

Middletown 

Guilford.. 

189 
97 
35 

New  Haven  - 

N.E.Wordin 

52 

Do 

Do 

Do 

Hamdeu 

Milford 

do 

William  Benham 

Wm .  M .  Merwm  &  Sons 

<  /harles  Coupland 

D.E.Smith 

J.W.Kelly 

A.  E.  Woodruff 

Charles  Wheeler 

H.D.Clark 

40 
90 

81 

Do 

do 

37 

Do 

....do - 

76 

Do   

do 

12 

Do 

do  .- - 

17 

Do 

Mount  Carmel 

New  Haven 

do 

C*) 

Do. 

Do. 

Geo.  W.  Ives  &  Son  .... 
do 

197 

Drj 

Do 

do _ 

do 

Seamless  Rubber  Co . .  . 
A.  B.  Hendryx 

160 
274 

Do 

Do 

Do. 

Do 

Do. 

Do. 

Do. 

Do    

Do. 

Do. 

Co. 

Do. 

Do 

Do 

Do. 

Do. 

do 

Lion  Brewery 

-  -   - 

' do 

do 

The  National  Wire  Co . 
do 

288 
133 

do --. 

H.H.Olds&Co 

L.  A.  Smith 

40 

Northford 

North  Haven 

....do           

(") 

F.L.Stiles 

I.  L.  Stiles  &  Son 

H.  P.  Smith 

69 
96 

do 

116 

do 

N.W.Hine 

125 

Qninnipiac 

Seymour 

C.  T.  Stevens 

i") 

James  Swan 

Tingue  Manufacturing 
Co. 

do 

262 

do 

95 

do 

69 

do 

Carlos  French 

208 

do -- 

do  .     .     -    ... 

Joseph  Reigel 

James  Swan 

81 
47 

Do.. 

do 

..   .-do 

a  Flowing. 

(«) 
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Additional' well  records  in  Connecticut — Continued. 


so 


County. 


New  Haven 

Do 

Do 

Do 

Do_...: 


Town. 


Owner. 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do- 

Do 

Do- 

Do 

Do 

New  London 

Do 

Do 

Do 

Do 


Stony  Creek 

Waterbnry 

do 

do 

West  Cheshire  . 


Whitneyville 
do 


do 

do 

do 

do 

do 

do 

Woodmont . 
Yalesville  . . 

do 

do 

Groton 

Hanover  . . . 
.lewett  City 

do 

do 


Wm.  F.Clark 

Waterbury  MachineCo 

Wm.  H.Smith 

Mr.  Fitzsimmons 

Cheshire  Mannfactnr- 
ing  Co. 

John  H.  Burton  

Henry  Stadtmiller 

W.F.Downer 

do 

E^w.  Davis 

G^eo.  W.Ives 

Mr.  Brock 

Mr.  Johnson 

H.E.Smith 

G.I.Mix&Co 

J.H.Yale 

C.W.Michaels 

Mrs.  J.  E.  Keeney 

Angus  Park 

W.  A.  Slater  (7  wells) -- 

Aspinook  Co 

Charles  Meech 


Do New  London 


Do 


do 


New  London  Brewing 
Co. 

do 


Do -  i  Norwich 


Do 
Do 


do 
do 


Do Voluntown 

Tolland Andover  . . 

Do  - . I  Mansfield  . . 


Thames  Iron  Works 

do 

N.  Douglass  Sevin  . . 

Ira  Q.  Briggs , 

R.  P.  Chapman 


Do ! do 

Do Rockville 

Do    do      

Do   Sonierv'ille 

Do    -           '  South  Coventry 
Windham Brooklyn  _ 


S  t  o  r  r  s    Agricultural 
School. 

A.  K.  Brown 


New    England    Engi- 
neerinLC  Co. 

Rockville  (24  wells)  . . 

Somerville  (9  wells)  . . 

Thomas  Joyce. 

Brooklyn  Cemetery. . _ 
a  Flowing. 


Depth 
of  well. 


Yielil 
permin- 

Uti'. 


Feet. 

60 

182 

160 

60 

150 

50 

a5 

67 

50 

56 

65 

50 

58 

103 

100 

67 

90 

51 

80 

36-55 

63 


57 


60 

105 
61 

124 
50 
50 
60 

850 

88 
89 

20-89 

15-60 

95 

70 


50 

35 

5 

100 

15 

8 

^« 

4 

5 
10 

8 


25 


30 


40 


3 


8 


25 


30 

110 

4 

15 


45 


25 


6 


I> 


xs-n 


Galhtnx.     / 


II 


110  I    ( 


ComHr.      ;             Town. 

Owner. 

60 

,iW. 

X 

WiDdhim...   Dwii«koii 

n  RnVt-Ixf 

4 
8 

la 

10 

5 
1 
12 
S 
40 
12 
16 
18 

nvt. 

89 
125 

eo 
eo 

70 
010 

30 
1S8 

loe 

6B 
55 

HeniyDaggBtt 

Gertrnde  Vinton 

Mrs.MarrV.C3ark.... 
Chsa.E.01n«r 

Do }  TbompBon 

Do __l  WanregBO 

Do j Ao... 

Wanregan  MillBCo,.., 

ROT.A.O'Keefa 

NdaonWiltett 

25 
94 

Do                     do 

ADDITIONAL  WBtL  RBCORDS  Df  CONNECTICXJT. 


Reported  by  F.  A.  Chakplin. 


Id  the  following  table  records  of  75  wells  drilled  by  Mr.  ChAmplin 
» given.  The  records  are  of  8t>eciHl  interest  because  of  the  com- 
letene.s8of  the  data.  A  noticeable  feature  brought  oiil  in  the  consid- 
able  supplies  obtained  by  the  wells  of  the  freestone  or  saiidstoiie 
Ht  along  the  Connecticat  River  as  contrasted  to  the  weak  supplies 
Dm  Ihe  crystalline  or  semicrystalline  roctks  (");ninite").  It  should 
not«d,  however,  that  most  of  the  waters  from  the  san<lstones, 
)n|rh  entirely  satisfaotory  for  many  purposes  and  therefore  pntperly 
ssified  a»  good,  are  in  reality  uomewhat  hard. 


/ 
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By  F.  B.  Weeks. 


WATER  REHOITRCTES. 


ipbically  the  State  of  New  York  may  be  divided  into  three 
ich  including  rocks  of  varied,  but  in  a  general  way  distinct, 
eristics:  (1)  The  Adirondack  or  northern  portion  of  the  State 
ihattan  Island  and  contiguous  territory  to  the  north ;  (2)  the 
the  State  lying  west  of  the  Hudson  River  and  south  of  the 
:  River  Valley;  (3)  Long  Island.  A  considerable  portion  of 
these  areas  is  covered  by  a  mantle  of  glacial  materials. 
3  Adirondack  and  Manhattan  division  is  composed  of  the 
crystalline  rocks,  upon  which  were  deposited  the  first  sedi- 
sandstone,  shales,  and  limestones  of  Cambrian  and  Ordovician 
lese  beds  form  a  belt  around  the  Adirondack  uplift,  extending 
fohawk  Valley  to  Lake  Ontario  and  the  St.  Lawrence  River, 
•ystalline  rocks  are  not  stratified  and  do  not  <?ontain  distinct 
*aring  beds.  The  water  descends  along  the  fracture  planes 
•cks  and  is  found  at  shallow  depths.  In  the  Manhattan  region 
ve  been  drilled  to  a  depth  of  250  feet,  furnishing  from  30  to 
•els  a  day.  There  are  many  water-bearing  horizons  in  the 
i  rocks,  but  their  continuity  is  frequently  broken  by  faults 
>r  structural  features.  Wells  20  to  50  feet  deep  usually  afford 
jnt  supply  for  domestic  purposes.  In  certain  localities,  as  at 
I,  there  are  flowing  wells,  some  containing  large  amounts  of 
)  in  solution. 
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Well  rf^ 


a 


CrMimory. 
.  Phmp8milli.._ 

V.A.BaBKB 

W.R,  Beebe 

Celadon  Roofli 
""Is  Co. 


'    V»Uej..| 
■    Hfll I 


-do 

.  Bi'lTldoni  . 


;,  M.  Wyv«U  A  Co-  i 

ttobt.DooKlM I  I 

B.M.FBrwelJ '  i 

.■.  E.  Whitcomb.-.-'i 


.  fereH 


YonDB  A  Yount 
T.  B.  BlMwll .... 
..  J.  J.  BobBrtM,  el 
P.M.  Van  Wore 
H.  A.Plnco.... 
J.  J.  Bubaru  : 
athon. 


I  VsUey.-! 
I  Hill.-- 
I    V»ll(T.  I 


'  RlrhanI  Miirrte   . 


r 


'cUEvilli!     W&toi 


1  N.  I  J.P.Niiyn.K( 

I,  N.  E.P.SIepheiu 

...t  B.  J.L.Blnart-- 

1  I  S.  ITH  Tramua  . 


*  See  notes  at  end  of  this  table. 
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Springs  of  considerable  volume  occasionally  emerge  at  the  junction 
of  the  glacial  sands  or  gravels  with  the  underlying  glacial  or  Greta- 
oeoDs  clays.  They  are  found  along  the  north  shore  and  about  the 
base  of  West  and  Half  Hollow  hills.  Springs  are  also  numerous  at 
points  in  the  moraine.  Throughout  the  rest  of  the  island  springs 
are  generally  absent,  the  water  emerging  by  general  seepage  along 
the  shores.  A  few  good  springs,  however,  are  formed  by  the  emergence 
of  the  seepage  water  along  the  north  coast.  The  waters  of  several  of 
the  springs  are  bottled  and  shipped  for  table  use. 
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NOTES  ON  WELLS  OF  NEW  YORK. 
No.  1.  Analysis  by  Willis  G.  Tucker,  1900. 

Analysis  of  water  front  well  at  Latham,  N.  Y, 

[Parts  per  million.] 

Color - _ ..  Colorless 

Turbidity _ None. 

Sediment None. 

Odor  at  100"  F None. 

Chlorine  in  chlorides 5.0 

Free  ammonia - 013 

Albuminoid  ammonia 037 

Nitrates - Trace. 

Total  solids 254.0 

Loss  on  ignition 68. 0 

Behavior  during  ignition . No  change. 

Mineral  matter 186.0 

Excellent  quality.' 

No.  5.  There  is  considerable  gas  in  the  water,  which  may  influence  the  flow. 
The  materials  penetrated  were  as  follows:  Blue  clay,  142  feet;  hardpan.  23  feet; 
sand,  2  feet;  hardpan,  19  feet;  shale,  103  feet. 

No.  6.  There  are  a  number  of  flowing  wells  up  the  valley  about  100  feet  above 
Alfred  village,  the  source  of  supply  lying  above  creek  level.  Well  drilling  is  now 
going  on,  still  higher  up  the  hills,  with  reference  to  a  possible  water  supply  for  the 
town;  but  results  are  as  yet  uncertain.  A  number  of  springs,  however.  givinK 
100  barrels  or  more  a  day,  are  located  in  the  vicinity. 

No.  11.  There  are  many  wells  drilled  for  domestic  supplies  to  depths  of  from'" 
to  100  feet  in  the  valleys,  but  only  moderate  amounts  of  water  of  fairly  good  char- 
acter are  obtained.  When  the  wells  are  drilled  through  the  red  or  gray  shales  to 
depths  of  from  2.")0  to  350  feet  good  water  is  obtained  in  abundance.  Salt  water 
is  sometimes  encountered  within  40  to  80  feet  of  the  surface. 

No.  16.  The  following  materials  were  penetrated  in  this  well:  Soil,  10  feet;  clay. 
20  feet;  (luicksand,  30  feet;  clay,  18  feet;  gravel,  2  feet. 

No.  21.  Materials  passed  through  were:  Sandy  loam,  3  feet;  gravel,  50  fect'. 
quicksand,  50  feet:  clay.  3  ff^et:  fine  gravel  with  water.  The  wells,  of  which  ther< 
are  a  numl)er,  are  so  arranged  that  the  suri)his  waters  flow  away  by  a  treneb  ' 
feet  deej). 

No.  24.  Nearly  120  feet  of  this  well  was  through  quicksand,  an  amount  muC 
more  than  is  usual  in  this  region.  The  flow  decreases  in  winter  and  increases  i 
summer. 

No.  28.  There  are  three  wells  close  together,  all  obtaining  water  from  the  sam 
sand.  The  natural  height  to  which  the  water  rose  was  insufficient  to  mee 
demands,  and  they  have  all  been  connected  \\ntli  a  pump.  E.  B.  Hall  has  a  wel 
150  f(»et  deep  which  for  years  flf)wed  a  steady  stream  which  operated  a  ram  raij: 
ing  the  water  to  an  elevated  tank.  The  drilling  of  the  refinery  well,  however,  s 
lowered  the  water  of  the  former  thnt  it  ceased  flowing. 

No.  29.  The  Wellsville  Water  Company  has  10  or  more  wells  sunk  in  gravel  t 
depths  of  about  20  feet.  The  water  generally  rises  within  8  or  9  feet  of  the  siu 
fiice  and  is  generally  higher  in  winter  than  in  summer.  The  quality  is  pronounce 
good,  the  water  being  used  for  the  public  supply. 

No.  38.  The  materials  penetrated  are  reported  as  follows:  Soil,  15  feet;  sol 
gravel,  10  feet;  hard  gravel.  23  feet;  shell  rock,  70  feet;  hard  rock,  33  fee' 
Reported  by  owner  (analyst  unknown). 
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Analysis  of  water  from  tvell  at  Maine,  N.  Y, 

[Parts  per  million.] 

)lor Light  greenish  tint. 

DPbidity Opaque. 

idiment Considerable. 

ioratlOO'F SUght. 

llorine  in  chlorides 604. 0 

:«e  ammonia 0. 090 

[bmoinoid  ammonia. .  .• . 0. 030 

itrogen  as  nitrites 0. 000 

itiogen  as  nitrates 0. 000 

Total  solids 2,156.0 

No.  40.  The  materials  penetrated  were:  Gravel,  10  feet;  clay,  12  feet;  gravel  and 
ad,  11  feet;  quicksand  and  clay,  29  feet;  gravel  and  sand,  5  feet;  hardpan,  8 
st;  rock,  21  feet.  **  Salt  rock  "  is  reported  to  occur  at  190  feet  in  this  vicinity. 
No.  48.  The  record  of  the  beds  penetrated  is  as  follows:  Clay  loam,  10  feet;  blue 
lyey  quicksand  with  water,  5  feet;  blue  clay,  10  feet;  blue  clayey  quicksand,  5 
ft;  blue  clay,  15  feet;  blue  clayey  quicksand,  no  water,  5  feet;  soft  blue  clay, 
ithout  grit,  145  feet;  soft  blue  clay,  with  occasional  layer  of  gravel,  100  feet; 
ae  clay,  15  feet;  gravel  with  water,  4  feet.  The  water  has  been  analyzed  and 
own  to  contain  iron,  lime,  magnesia,  and  alumina. 

No.  54.  About  the  only  well  drilling  in  this  vicinity  is  for  oil  or  for  water  for 
e  in  the  boilers  used  for  pumping  the  former.  Nearly  all  the  wells  were  drilled 
S.  P.  Heasley,  of  Bradford,  Pa. 

ft 

So.  58.  Analysis  reported  by  owner  (analyst  unknown). 

Analysis  of  water  from  well  at  Olean,  N,  Y, 
[Parts  per  million.] 

or  at  100'  C  - _ - None. 

rdness: 

Temporary - -  - 3. 0 

Permanent .  61.5 


Total.    .-.  - 64.5 

lorine... 8.8 

je  ammonia -  -  - -  -   - 022 

mminoid  ammonia        . .       . . - - .  -        .05 

rites. -  -- -   Trace. 

rates .    ..  .12 

avy  metals - .   .   _ . .  ^ ^ None. 

Total  solids.  190.4 

^0.  60.  The  following  is  an  analysis  of  the  spring  water  used  as  a  public  supply 
Salamanca  in  all  except  the  drier  portions  of  the  year.     Reported  by  owner 
lalyst  unknown). 

Analysis  of  water  from  sprhiy  at  Salamanca,  N.  Y, 

[Parts  i>or  million. 1 

lid  residue -                                              _ . .     .   .              . .  -  30. 0 

tlinm  chloride . .                                                                               _   .  4. 67 

ee  ammonia •  028 

bnminoid  ammonia              -                                            ......   .  068 

IKR  102—04 1:3 


194  HYDROLOGY    OF   EASTERN    UNITED   STATES,   1903.        [kcKE 

Analysis  of  water  from  well  No.  15  is  as  follows:  ^ 

AnalysiH  of  water  from  well  at  Salamanca,  N.  Y, 

[Parts  i>er  million.] 

Insoluble  matter  or  matter  made  insoluble  by  heating 14i0 

Soluble  solid  matter 44.0 

Totalsolids 188.0 

The  water  shows  a  considerable  amount  of  carbonates,  some  sulphates,  a  little  j 
chlorides,  and  slight  nitrates.  The  lime,  magnesia,  soda,  and  potash  are  com- 
bined as  calcium  carbonate,  magnesium  carbonate,  lims  sulphate,  magnesitUD 
sulphate,  sodium  chloride,  potassium  nitrate.  There  is  als3  considerable  siliceons 
material,  but  only  a  trace  of  iron  oxide  and  no  appreciable  organic  matfcer  or 
ammonia.  The  water  is  somewhat  alkaline,  and  gives  some  scale  when  used  in 
boilers. 

No.  68.  This  well  was  drilled  at  a  stated  sum  i)er  foot,  the  driUers  pushing 
rapidly  through  a  heavy  water-bearing  bed  and  casing  it  oflP  without  mentioning 
it  to  the  owner.  The  water,  however,  forced  its  way  upward  outside  of  the  casing 
and  burst  forth  in  great  volume.  The  volume,  being  greater  than  Was  required, 
the  casing  was  reduced  to  l^-inch  size  and  connected  with  pipes,  conducting  the 
water  to  a  number  of  houses. 

No.  1 10.  The  reconl  of  this  well  is  as  follows:  Artificial  filling,  6  feet;  gravel.  B 
feet;  clay  and  (luicksand,  80  feet;  clay  and  gravel,  1  foot;  clay,  8  feet;  clay  and 
gravel,  2  feet;  clay,  12  feet;  quicksand,  7  feet;  quicksand,  gravel,  and  bowlders, 
10  feet;  liardpan,  4  feet;  gravel  and  quicksand,  80  feet;  rock,  7  feet. 

No.  115.  The  following  material  is  reported  in  this  well:  Gravel,  10  feet;  sand 
and  muck,  8  fet»t:  shell  marl.  8  feet;  clay,  3.5  feet;  gravel. 

No.  121.  The  wat<?r  in  the  rock  in  this  vicinity  is  very  uncertain  in  amount,  one 
weil  furnishing  a  good  supply  and  another  practically  nothing. 

No.  122.  Analysis  reported  by  owner  (analyst  unknown). 

Aualysia  of  irater  from  well  at  Hudson,  N.  Y, 

[Parts  per  million.] 

Totiil  hiirdues.s . 256.0 

Temi)orary  Imrdness 100.0 

Pennanent  hardness  .     .     . 156. 0 

Free  auiiiionia    .  .    .  . .  5  * 

Albuminoid  umnionia.    .    .  ......   ,  0 ' 

Nitrates ....  Very  slight  trace* 

Nitrites  None^ 


Sodium  chloride                               738.2 

Potassium  8uli)hato                           .    51. 8 

Sodium  sulphate 92. 7 

Calcium  nitrate.  .           .   .                                         .   . .6 

Calcium  sulphate . 73. 2 

Calcium  carl^cmate 107. 3 

Magnesium  carbonate . .             . 87. 1 

Iron  and  alurainuni  oxides .           . .  1.6 

Insoluble  silicious  matter . .  15. 2 


Total  mineral  salts,  at  127^  C 1,168.3 
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I  snlphide None. 

33 _ None. 

None. 

Slightly  opalescent. 

- - Saline. 

Mere  trace. 

to  litmus. Distinctly  alkaline. 

I  conditions .  Fairly  satisfactory. 

,  The  following  material  was  penetrated:  Clay  soil,  10  feet;  blue  clay 
B;Tayel,  7  feet;  water-bearing  sand. 

.  Materials  penetrated  were:  Hardpan,  12  feet;  clay  and  gravel,  23  feet; 
n,  6  feet;  gravel  and  clay,  19  feet;  black  gravel,  very  coarse,  with  well- 
)ebble8,  4  feet. 

.  Record  as  follows:  Gravelly  soil,  8  feet;  hardpan,  18  feet;  slate.  5  feet; 
to  bottom. 

.  The  well  passed  through  alternations  of  clay,  gravel,  and  sand,  until 
re  the  rock  was  reached  very  large  bowlders  were  encountered.    The 
f  was  uniformly  hard  and  contained  *'  white  crystals  and  flint.'' 
.  Analysis  by  W.  G.  Tucker: 

Analysis  of  vxiter  from  well  at  New  Hamburg ^  N,  Y. 

[Parts  per  million.] 

.  appearance -   .       Clear;  colorless;  no  sediment. 

- - -   Pleasant. 

OC^F -- None. 

in  chlorides ..    .   .   18.0 

lonia    ...         .030 

>id  ammonia. _  . .055 

- -    .  - -     .  -     Traces. 

in  nitrites  and  nitrates . .       1 .  066 

bsorbed  from  permanganate  .    .         _ .  465 

dness .   .    245. 3 

ds 440.0 

ice  of  residue . .       . .       ...     .  Colorless. 

^tion -  . 140. 0 

during  ignition .  No  blackening, 
leral  matter  ... 300. 0 

rom  its  hardness  the  wat^r  is  of  excellent  quality. 

.  Many  strong  sulphur  springs  occur  in  the  shale  in  the  bed  of  the  creek 

>.  The  following  beds  are  reported:  Quicksand.  15  feet;  blue  clay,  20 
clay.  10  feet;  hardpan  15  feet;  gravel,  5  feet;  sandstone,  etc.,  12  feet. 
.  An  analysis  shows  the  following  materials  in  parts  \)er  million:  Calcium 
85.5  parts;  calcium  carbonate,  \'M).H  parts,  magnesium  chloride,  51.3 
he  record  of  the  well  is  as  follows:  Soil,  1  foot;  hardpan,  3  feet;  quick- 
et;  gravel,  5  feet;  rock,  30  feet. 

.  The  materials  penetrated  l)y  the  well  are  as  follows:  Loam,  11  feet; 
40  ffH»t;  water-}>earing  (inicksaTHl.  '5  feet;  blue  clay,  30  feet;  red  clay,  1 
J  clay,  with  gravel  and  water,  J  feet. 
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No.  332.  This  well  passed  throngh  40  feet  of  clay,  26  feet  of  sand,  40  feet  of 
gravel,  8  feet  of  fine  black  sand,  entering  the  rock  at  114  feet.  The  shale  was 
decomposed  to  a  depth  of  about  10  feet,  but  became  solid  at  124  feet  and  contin- 
ued without  marked  change  to  300  feet.  Here  the  rock  becomes  very  hard  and 
blftck  and  is  difficult  to  drill  through.  Three  gallons  a  minute  were  obtained  at 
a  depth  of  280  feet,  while  at  415  a  better  vein  was  encountered. 

No.  257.  Analysis  by  E.  F.  Johnson,  1903: 

Analysis  of  water  from  well  at  Carmel^  N.  Y. 

[Parts  per  million.] 

Appearance Clear. 

Odor  heated  to  100"  F None. 

Chlorine  in  chlorides 4. 0 

Equivalent  to  sodium  chloride 6.5 

Phosphates None. 

Kitrogen  in  nitrites - None. 

Nitrogen  in  nitrates -   .  -       .04 

Free  ammonia .  000 

Albaminoid  ammonia 025 

Organic  and  volatile  matter  (loss  on  ignition) . . . 11.0 

Mineral  matter  (nonvolatile) - -  - .  72. 0 

Total  solids 83.0 

Kg.  265.  Analysis  by  Richard  J.  Reilly: 

Analysis  of  waterfront  well  at  Jamaica ,  N,  Y. 

[Parts  per  million.] 

Appearance Very  slightly  turbid. 

Color Light  yellow  brown. 

Odor  heated  to  100"  F SUghtly  marshy. 

Chlorine  in  chlorides 3. 90 

Eqnivalent  to  sodium  chloride 6. 43 

I^it3X)gen  in  nitrates None. 

Phosphates .   None. 

Kitrogen  in  nitrites Trace. 

Free  ammonia - .  . .  ^ .  005 

Albuminoid  ammonia .010 

Hardness  equivalent  to  calcium  carlK)nate  (before  boilinj<) . .   16. 0 

Hardness  (after  boiling)  - 8.0 

Organic  and  volatile  matter  (loss  on  ignition) 17.0 

Mineral  matter  (nonvolatile) .  34.0 

Total  solids  (by  evaporation) . 51. 0 

No.  272.  Analysis  reported  by  owner  (analyst  unknown): 

Analysis  of  water  from  well  at  Oranfjeburg,  X.  Y. 

[Part^i  i)er  million.] 

Silica _.      12.0 

Iron  and  aluminum  oxides 7.2 

Calcium  carbonate .   54. 6 

Calcimn  sulphate 21.6 

Magnesium  chloride  _ 0.7 

Magnesium  carbonate _            .  8.0 

110.1 
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Suffi- 
ciency of 
1  sapply. 

1 
1 

QnaUty. 

Source  of 
contami- 
nation. 

New 
suiiplies 
contem- 
plated. 

None 

....do.... 

Range  of 

depths  of 

wells. 

Depth  to  principal  wa- 
ter supply. 

1 

Height  of  water  above 
(  +  )    or   below   (-) 
mouth  of  weUs. 

Special 
uses. 

Owner- 
'ship. 

1 

B 
2 

Ft. 
20 

33 

800 
85 

20 

20 

36 

120 

12 

15 

60 
16 

450 

460 

25 

300 

480 

350 

30 

40 

30 

30 
460 

155 
20 

25 
40 
30 

40 
30 
40 

:« 

HOO 
12 

i 

Mat4vial 

in  which 

water 

occurs. 

No. 

i 
Gtr 

1 
1 

AmnlA 

Soft .... 

...do... 

....do... 
....do... 

Hard ... 

None . . . 
-...do... 

Ft. 
40 

40 

850 
40 

50 

40 

75 
321 

30 

20 

100 
25 

800 

600 

70 

500 

500 

365 

40 

60 

40 

50 
4W 

160 

a) 

40 
50 
70 

60 
70 
50 

flOO 

15 

1 

25 

30 

Sand  ... 

Ft. 

Manufac- 
turing. 

None 

1 

I 

i Insnffi- 

Gravel . 

-15 

2 

'    cient. 

' 'Ample.. 

aty  .J.. ..do.. - 

Indi-L     do 

....do... 

....do.... 

Rock... 

1 
-»-22 do 

3 

....do... 

....do.... 

40 
85 

Sand  . . . 

HtfiAtn 

4 

....do... 

....do.... 

Rock... 

-20'  None. . . 

♦6 

TidaaL 

aty. 

do 

Soft .... 

....do... 

....do.... 

30 

Clav 

—20  Mannfar. 

*« 

y    1  -— 

1. do... 

aty.   ...do... 

Indi-    Tnnnffi- 

Hard... 
...do... 

Soft .... 

....do    . 

..do.... 

...do 

turing. 

None 

Manufac- 
turing. 

None 

do  . 

7 

....do... 
....do... 

....do... 

Artesian 
well. 

190 

15 

10 

65 
15 

....do... 
....do... 

-77 

8 
9 

Tidoal 

I 

cient. 

...do... 

....do... 

10 

Ti#i-d 

None 

do.... 

Lime 

11 

llndi- 
TidnaL 

Ldo.. 

Ample 

None.  - 

12 

do 

Hard... 

None . .  - 

....do...- 



13 

aty.  ....do   .. 
State.  Limited. 

Soft  .... 
Snlnhar 

....do... 

.do  ... 

30 

Sand  - . . 

None.. 

do 

14 

....do... 

...do-..- 

Schist  - . 

-20 

♦15 

ladi-'lnsnffi-    Hard... 

....do.  . 

....do...- 

30o!  Sand  . . . 

-50  Steam 

16 

TidnaL     cient. 

Snlnhnr 

480 

■1-50 

17 

l....do-..'----do ... 



None . . . 

365 

+32 



18 

do.  . 

Indi- do     . 

TidnaM 

~.do..  Insnffl- 
1     cient. 

aty.  ....do... 

...do      Ampin 

Hard... 
....do.  . 

Soft .... 

....do... 

....do... 
....do... 

....do... 

....do... 

None 

...do.... 

River.... 

Creek  ... 

35 

40 

30 

Clay   ... 
Sand  ... 

CTay.... 

Roek  ... 

-3 

-8 

-;jo 

-30 

None 

Machinery. 

Factory 

Ginning  ... 

10 
20 

♦21 

22 

...do 

....do.  . 

155 
25 

Sh<«ll  . . . 

Steam    en- 

23 

,...6o            do         Rulnhnr 

....do... 
do 

None 

gines. 
None  .  . 

24 

iliidi.:....do.  . 
TidoaLi 

City  ..1  Ample.. 

Indi-    Insnffi- 
Tidnal.1     cient. 

aty.  '....do... 
...do do 

Hard... 

T^iiine    .. 

-iO 
-20 

25 

...do... 

do 

None 

do... 

i 
30  ....do.    . 

None.   

26 

...do... 

....do... 

40 

-30'  Millintr  ... 

27 

Soft.... 

Hard... 
Soft.... 
....do-,. 

....do... 

Sewage. 
None . . . 

....do... 

....do.... 
-...do... 

.35 

4.5 
35 
45 
36 

900 

12 

Ro<rk  .   . 

Gravi4  . 
Clay... 
Rock... 
Sand  . . . 

-m 

-4 

-30 

Manufac- 
turing. 

None 

Steam 

28 

♦29 
30 

....do... 

....do...- 

-15' 

-3o'None 

31 

Indi-      ..do... 

....do... 

do. .. 

do 

♦32 

Tidnal 

Oty  ..lInsafla- 
'     cient. 

1 

....do... 
Hard. 

....do... 

....do... 

-21 
-4 

St'm  boiler 

38 

...do... 

Other 
wells. 

Clay.... 

34 

( 

j™*ru... 

1 

IRR  102—04 14 
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Sources  of  trater  o] 

[Beported 


No.      Coanty. 


1 

2  ! 


Appling 
do.. 


Locality. 


Mosteominon  other 


source. 


sonrceB. 


Meet  satisfac- 
tory aource. 


3  Baker.. 

4  'Baldwin 

i 

♦5  '  Bartow.. 


•6 


do 


Baxley 

Hazlehnrst.. 

Newton 

Stephens  pot- 
tery. 

AdairAville.. 
Cartersville . 


7  ' do J  Kingrston 

8  Brooks |  Qoitman 


9    Bryan  . 
10  ,  Bullo-jh. 


Artesian  wells    Shallow  wells   Artesian  wells 


Source  of  pub- 
lic supply. 


Arteniaii  wells 


Driven  weUs..  Wells Neither ;  None 


Artesian  wells    None Artesian  wells    Artesian  vrolls 


Springs 


Ponds Spring 


Springs 


Wells Springs Welb Wells 

I 

Etowah  River.  Wells River River. 


Wells None Wells '  Wells 

Artesian  wells  ,  Shallow  wells  Artesian  wells   Artesian  wells 


Pembroke Wells Driven  wells .  Wells. 


Register do '  Springs, 

\     stream. 


Wells. 


11    do Stilesboro Cisterns Wells. 

12  Burke Qirard Wells ..  None. 


Cisterns 


Cisterns. 


13    do Rogers Artesian  wolLs    Shallow  wells 

14    do Wayn*^boro do 'None 

♦15    Butts Indian  Sp'gs-  Springs |  Wells 

Irt  '  Calhoun |  Arlington Art«»ian  welLs  I  Sliallow  welLs 

I 
17    Camden St. Marys..     do Driven  wells. 

IH    do SatillaBluflP do 

1»    Campbell  ..  Palmetto Wells None 

21)    Carroll Bowdon do do. 


WolLs Wells 


Artesian  wells 
Springs 


Artesian  wells 

do 

Springs 

Artesian  wells 


•21 


.do 


Carrollton do -....  Springs Springs ' do 


Wells I do.. 


22  ' do '  Whiteslmrg do None 

2:}    CTiatham . . .  Pooler Artesian  wolls  '  Wells I  Artesian  wells 


24    do I  TylH»« do Nono  . 

S5>    Chattooga..  Lyerly Wells do 


.do 
do 


do 

Wells - 


Summerville.  Springs Wells.. Spring 

Trion  factory  Wells ;  River,  si)ring.' do 


2»i    . 

27 

2H     Cherokee  ..  Ball  ground do Springs '  Wolls |  Wells. 


Artesian  wells 

do 

Wells 

Springs 

do 


♦21*    do I  Canton do Nono ' do 

'                            '  'I 

:«)     Clarke Athens River Wells,  springs' River 

'M    do Whitehall ....   Wells ,  Springs j  Wells. 

♦:tt     Clay  '  Bluffton do do ....do 


:{{ 


do I  Fori  Gaines . .  Artesian  w<'11h 


:u  I  Climh 


Argylo Driven  wells 


Nono 


Wells. 


do 


do 

River. 
Wells. 
do 


Driven  wells . . 


do 


Driven  wells 


♦  See  notes  at  end  of  this  table. 


GEOBOIA. 


209 


I  cities  and  itncns. 


1 

Ranxeof 
depths  of 

1 

1^ 

wells. 

1-^ 

Sf>*\ 

Snffi- 
aencyof 
sapply. 

Qu*Ut7. 

Source  of 

oontami- 

DAtioin. 

New 
supplies 
contem- 
plated. 

"§1 

0  L, 

Material 

in  which 

water 

occurs. 

Special 
uses. 

No. 

1 

-5 

4A        7 

a 

2 

i 

r 

■-  ---  - 

Ft. 

H 

0 

m 

Ft. 

Ft. 

Ample . . 

Soft    ... 

None 

None 

20 

40 

25  Sand  ... 

Manufac- 

1 

turing. 

InsTifB- 

do... 

...do... 

....do.... 

33 

40 

80  Gravel  . 

—15  None 

2 

cient. 

Ample. . 

...do... 

....do... 

...do.... 

800 

8oO 

Rock... 

+22 do 

8 

do 

....do... 

....do... 

....do.... 

35 
20 
20 

40 
50 
40 

40  Sand  ... 

Steam 

4 

-do 

....do... 

....do..-. 

85  Rock... 

-20  None 

♦6 

.do.  . 

Soft .... 

.-..do... 

....do.... 

30'ciay.... 

-20  Manufac- 
turing. 

•fl 

do 

Hard... 
...do... 

....do    . 

...do...- 

36 
120 

75 
321 

do... 

None 

—77  Manufac- 

7 

...do... 

....do... 

....do.... 

120. ...do... 

8 

turing. 

TnnQffi- 

Soft .... 

....do... 

Artesian 
well. 

12 

30 

15 

....do... 

None 

9 

cient. 

...do... 

15 

60 
15 

20 

100 
25 

10 

65 
15 

....do... 

do.... 

10 

Hard... 

None 

-do.... 

Lime . . . 

11 

AmplA 



None 

12 

do 

Hard... 
Soft 

None 

do 

4oO 

460 

25 

800 
600 

1 

1 

13 

do 

do 

do 

Sand     . 

None 

14 

Limited.!  Sulphur 

....do... 

do 

70 

30  Schist . . 

-20 do 

♦15 

Insuffl-    Hard  ... 

do.  . 

....do... 

300 

n(¥) 

aX)  Sand... 

-50  Steam 

16 

cient. 

i 

1 

Ample.  Sulphur 
do do. . . 

4m 

rm 

4X0 

■H50 

17 

None  . . . 
....do... 

None 

;«o 

40 

:m' 

35  Clay... 

+32 
-3 

18 

do.  .  Hard  ..- 

None 

19 

do     do . .. 

1 

....do... 

...do.... 

M) 

(JO 

40  Sand  . . . 

-8  Machinery. 

20 

1 
Insuffi-    Soft 

....do... 

River 

:« 

40 

30  Clay-... 

-'i)  Factorv.-.. 

*21 

cient. 

1 

...do... 

....do... 

....do... 

Creek  . . . 

30 

50 

.35  R<Kk  --. 

— 20|  Ginning  ... 

22 

Ample.. 

...do... 

....do.   . 

m) 

4X0 

Sholl  . . . 

Steam    en- 
gines. 

23 

..do...  Sulphur 

....do... 

None 

w> 

160 

l.V> 

None.. 

24 

...do.   . 

Hard... 

do.   . 

2.') 

:io 

40 

25  Lime  .   . 

-lO  

-20  None 

25 

1 
do... 

....do... 

Nono 

26 

Ample . .  —  do . . . 

....do.. 

...do.. 

40 

.'VO 

40 

-:«  Milling  -.-- 

27 

InHuffl-    S^)ft  .... 

....do... 

.-..do    ... 

:«) 

70 

:V)  Ro<-k  . 

-30  Manufac- 

28 

cient. 

'     turing. 

Ample..'  Hard  .   . 

Sewiijfe . 

...do... 

40 

60 

45  Gravol  . 

—4  None 

*29 

...do...  Soft  .... 

None  . . . 

..-.do      .. 

:>» 

70 

:i^i  Clay   ... 

-30  Steam 

;« 

do... do... 

do.   . 

....do.... 

40 

50 

4.^)'  Rf^'k  .   . 

-i«: 

31 

do do  .  . 

1 

....do 

...do.... 

:«) 

:«5 

3»5|  Siind  . 

-:«) 

None 

*:fi 

Insuffi-  do... 

....do. 

....do         . 

H(M) 

U(X) 

1 
WIO 

-21 

33 

(•iont. 

Hard.  . 

1 

...do.   . 

()  t  li  «'  r 
w«'11h. 

]2 

15 

12|  CLiy .... 

-4;  St'ni  lK)ilor 

34 

Kit  102- 

-04 1 

4 
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Sources  of  ttaier  of 


No. 


County. 


♦86 

Clinch 

96 

Cobb 

37 

do 

as 

do 

99 

Coffee 

40 

Colquitt  ... 

41 

do 

42 

Coweta 

48 

do 

44 

do 

45 

Dade 

46 

do 

47 

Decatur 

48 

...do 

49 

do 

no 

do 

51 

do 

ft:.' 

do 

•M 

Dekalb 

54 

do 

ft.'> 

D<Klge 

56 

'Dooly 

57 

do 

M 

do 

♦5» 

do 

Locality, 


Most  common 
source. 


Other  BooroeB. 


Meet  satisfac- 
tory Booroe. 


Source  of  pub- 
lic supply. 


Dupont. 


Wells None 


Wells. 


Acworth I  Shallow  wells.,  Sprinirs do 

I  I 

Austell Wells None ' do 


Welb. 
do 


do 


Marietta Stream 

Willacoochee  '  Driven  wells . 


Doemn ^  Wells. 

Sigsbee do 


Grantville 
Newnan.. 


Wells do 

Driven  wells do 


None do 

Ponds do 


Stream 

Driven  wells. 


Wells. 
do 


Senoia 'Wells 


Springs do 1 do 

\  Springs I  Springs 

None Wells Wells... 


New  England 
City. 

Trenton do 


do Springs 

f 
do 

Attapulgus do do 

Bainbridgo. . .  Artesian  wells  '  Shallow  wells 


Springs 
Wells... 
do.. 


Springs 


Brinson 


Wells None 


do 
do 


Artesian  wells 


Wc\\h. 


Artesian  wells 


Wells :  Wells. 


I 


do 
.d.> 

do 


Climax do 

Donalson-  do 

ville. 

Fa<'evill*' do Springs 

Clarkston do None do 

I 

I 

D<M'atnr '  do ' do 1 do 

RuHtman Artesian  wells   Shallow  wells ;  Artesian  wells 

Arabi do do ' do 

Pinehurst  .. 


do 
do 


do., 
do.. 


do 

Artesian  wells 
do 


I                            i 
Wolls ,  Artesian  wells do 


do. 


Rlchwood '  Artesian  welLs    Shallow  wells  , do I do 


Vienna do None do 


di)  i  Dougherty 
61  I  Douglas  . . . 

iVt    Early 

♦6;^  'Ell)ert 


AUjany do Shallow  wells  do 

Douglasville      Wells Springs ^  Wells 

Blakely Artesian  wells  Shallow  wells  ,  Artesian  wells 

Bowman '  Wells None ,  Wells 


do 


do 

WelLs 

Artesian  wells 
Wells 


64    do... 

65  Emanuel 


Ell>erton do do do ' do 

Adrian do Artesian  wells  Artesian  wells  I  Artesian  wells 


*  See  notes  at  end  of  this  table. 
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n  cities  and  towns — Continiied. 


1 

* 

Quality. 

Sourceof 
contami- 
nation. 

New 
supplies 
contem- 
plated. 

Range  of 

depths  of 

wells. 

to  principal  wa- 
er  supply. 

Material 

in  which 

water 

occurs. 

:  of  water  above 
or    below   (— ) 
:h  of  wells. 

Special 
uses. 

Suffl- 

ciencT  of 

supply. 

1 

No. 

1 

1 
Ft. 

i 

•St? 

•sis 

1 
1 

r,. 

Ft. 

Ample.. 

Soft... 

None 

None.... 

10 

aoj 

20 

8and....i 

Railroad... 

♦35 

1                 1 
...do...' 

....do... 

...do... 

....do.... 

20 
35 

40 
150 

30 
35 

....do...!     -20  Steam 

3ft 

Insuffi- 

....do... 

....do... 

....do.... 

-20  Steam  and 
1     manufac- 
turing. 

37 

cient. 

Ample. . 

Insuffi- 
cient. 

....do... 

....do... 

...-do. 

40 

60 

1 

38 

....do... 

-...do 

25 

dn 

25 

1^ 

None... 

30 

i 

Deep  well 
None 

20 

30 

30 

-20' 

40 

Ample.. 

Soft.... 

h'eepage 

10 

15 

15 

Clay.... 

-7  Milling  and 
manufac- 
turing. 

41 

do... 

....do... 

None   .. 

....do-... 

30 

00 

30  Gneiss.. 

-20  None 

42 

do... 

....do... 

....do... 

-...do.... 

ao 
ao 

80 
22 

40 

80 

00 
00 

;« 

Clay 

.   .-  .'...   .do     ... 

43 

....do... 

....do... 
....do... 

....do.... 
....do...- 

35 
35 

L    ..do.  .. 

44 

.  Ample.. 

.  Insuffi- 
cient. 

Hard... 
....do... 

Lime  . . . 

do 

4A 

....do... 

....do.. 

....do... 

-18 

do 

4A 

Soft .... 

....do... 

....do.... 
.--.do-... 

50 
700 

00 
1,325 

00.  Sand 

-6 

-50 

do 

Steam  and 
manufao 
turiug. 

47 

-  Ample.. 

1 

1 

Hard... 

....do... 

2H0 

-...do... 

48 

'  ...do... 

do... 

....do... 

....do 

35 

ao 

35 

40 

40 
25 

Rock  -  - . 

-2t)  Milling  .... 

1 

49 

....do... 
....do... 

....do... 

....do.-.. 
...do.... 

50 

1 
.  Ample. - 

1 

45       40 

Clay -5  None 

1 

51 

Soft  .... 

m 

:« 

1                   1 
;i5.  Sand Machinery. 

5a 

Ample.. 

Hard  . . . 

None  . . . 

None 

5J() 

4<»----  !ciiiy....l    -15' None 

1 

♦5:j 

1 do.  . 

Soft  .... 

...do... 

From  At- 
livnta. 

:« 

40 

:«) do 

1 

54 

.'  Ample.. 

1 

Hard... 

....do... 

None 

tW) 

«H0 

Sand  ...1  -120  Manufac- 
turing. 

55 

.  ..do... 

do. .. 

Soft  .... 

....do... 

-...do.... 

'^.    2S8 do..' Steam 

50 

...do... 

....do.  - 

...do.... 

:i5 

30 

j 
Clay.. 

57 

,...do... 

Hard  . . . 

....do. 

.---do.... 

17(1 

2<M)     170 

do...'    —40  None 

i      i>6 

.   InHuffi- 
cient. 

....do... 

....do... 

....do... 

1 

LSI) 

200     IHO  Rock  .  .1     -12  Manufac- 
turing. 

*5« 

.  Ample.. 

Soft  .... 

....do... 

....do.... 

:«Mi 

1.500 Sand  -..'     +30  Steam 

'    m 

do 

Hard  . . . 
Soft.... 

...do.. 
...do... 

....do-.-. 
..--do..-. 

a-) 

250 

40      :35 
S12     812 

. 

01 

l....do-.. 

Sand  -..'     -1«  None 

j      02 

I 

'Hard... 

...do... 

...do... 

:«) 

:jr)       35 -25 do 

♦6:^ 

1 

.1. 

....do.. 

Si»ei)a^e 

SjirinK' 

12 

i:>0      »)  Ciranittt      -10  Milling 

1 

G4 

.  .\mple.. 

Iron 

None  . . 

Noin'  . . .- 

'M) 

350 

:«)0 

Sand  -.- 

-(M) 

Milling  and 
manufac- 
turing. 

05 
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Sources  of  water  of 


No. 


County. 


Emanuel 
Fannin . . 


Floyd 

do 

Franklin . 


Fulton. 
do 


Gilmer 


Glytin 


ee 

•67 

*m 

70 
•71 

72 
•73 

74 

75 
*76 

77 

78 

79 

80 
81 

•82 
83 
♦84    Habersham 


Locality. 


Summit 

Blueridge 

CaveHprings 

Lindale 

Camenvllle.. 

Atlanta 

Hapeville . . . 


Host  common  (-)♦»,«- 
source.         v/uior 


Springs 
do.. 


souroee. 


Host  satisfac- 
tory source. 


Source  of  pub- ' 
lie  supply. 


None 'Wells. 

Springs do 


Wells. 
do 


Wells !  Springs 

Stream do.. 


Springs 
do.- 


Wells "None Wells Wells 


River. 
Wells. 


WellSfSpringS;  River River. 


Ellijay I do 


Springs '  Wells... 

I 
do Springs 


do. 

Gordon. 

do. 


Brunswick . .  J  Artesian  weUs '  Shallow  wells :  Artesian  wells 


Wells 

do 

Artesian  welb 


Greene 


.do 
do 


Gwinnett .. 


.do 
.do 


♦85 


.do 


86  j do... 

H7    Hall 

♦H8  I  Haralson . 


St.  Simons do ! do ■ do do 

Calhoun I  Springs ! do \  Springs '  Springs 

I 

Sugar  Valley.,  Wells None Wells 

Ponfleld do Springs do 

Unionpoint  .J do '  None do 

Whitoplaina  .' do Springs do 

Buford do None do 


Duluth do do 

Suwanee [ do '  Spring,  creek 

Clarkesville do '  Springs 


Cornelia do 


do 


.do 

do 

.do 

do 


80 
90 
91 

92 
»{ 
94 
95 
96 

97 

98 
'9t4 


do. 

do. 

Harris. 

do. 

Hart... 
Heard. 
Henry. 
do. 


Houston. 
do.. 


Tocoa do ' do 

I  I 

Bellton do Springs do 

Bremen I do do do. 

:  i  I 

Tallapoosa  ...  Creek i  None ,  Creek 

Waco WoUh ; do ;  Wells. 

Hamilton do Springs do 


Wells 

do... 


.do 
-do 
.do 

.do 
.do 
.do. 

.do. 


.do 
.do 
.do 


Creek 
Wells. 
do 


Waverly  Hall do 

B<iwcr8viile do 

Franklin do 

Hampton do 

L»)custgrove . ' do 


None do 

do do 

Springs do 

None do 

do ' do 


Byrf)n 


do 


do 


Fort  Valley  . .  Spring*^ 


P«*rrv I  Wells. 


A  rtesian  ' do . . 

wellH. 

None Springs 

Stream Wells... 


.do.. 

.do.. 

.do.- 

.do... 

.do... 


do.. 

Springs 
Wells... 


♦  See  notes  at  end  of  this  table. 
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Hties  and  towtts — Continned. 


jncy  of 
ipply 


Qxuaity. 


Sourceof 
contami- 
nation. 


3  suffi- 
cient. 

mple.. 

..do... 

..do... 


..do. . 

mple.. 

..do... 

..do.- 
..do... 

..do.. 

.-do.. 

..do.. 
..do.- 

DBUffi- 

ifient. 
mple. 
..do.. 
..do.- 


Hard 


Soft 


New 
sappiies 
contem- 
plated. 


None...  None 


do...  Sto'eam 


Hard...; do...  None... 

— do...' — do...' do*" 

ADudinei do...' do... 


Soft. 


...do do 


.do... 


....do... 


DSUffl 

cient. 


do. ..I  Drain 

i     age. 

Hard  ...  None  . . 


..-.do.. 
...-do.. 

do.. 

Soft... 


....do 
Hard 

Soft. 


....do.. 
....do.. 

....do... 

....do... 


.do 

.do 

do 


....do... 

Stream. 

None  . . . 

....do... 
....do... 

— do... 

....do... 

-...-do... 


Banffeof 

depths  of 

wells. 


None 


— do. .. do...  I — do 

Iron ' do-.-j do 

Soft  ....I  Drain-    .'..do.... 
age.      I 

do...  None...  Water- 

I  works. 

mple..  Iron do...  None 

Soft do do 

'.-..do do  .... 


QSUffi 

ciei..t. 
mple.. 
..do.. 
..do... 

..do.. 
..do.. 
..do.. 


Soft  . 
Hard 
Soft. 


mple. 


....do... 

Iron 

Soft  .... 
...do... 
....do... 


IHUffi- 

••ient. 
mple. 


irtufli- 
cient. 


Hard 


do...  .... 

do.  .'. ... 

do...  .   .- 

I 

do...'.... 

I 

do...  .... 

do....... 

do...'..-, 
do....... 

do...'.... 


do 

do.... 

do    ..' 

I 
I 

do.... 
do....' 

do 

do.... 
do....' 


aoi     ao 


30        35 


40 

I 

I 
40 
34 

:ir> 

t 

I 

40 

I 

15 
30 


2.-) 


3[) 
40 
20 


do di) do 

Soft I  Seepagf do 


^  P.  I  Material 


P«ao 
P. 


<S 


TO 

50 
40 
50 

a5 

55' 
35' 

fiO 

:« 

(K) 
50 

40 
4:. 

fid 

I 
.«) 

I 
50 

45 


do-...       :iO      HM) 


].">         50 

50'      m 


in  which 

water 

occurs, 


2  la 

ft  ~  a 


Special 
uses. 


18  Clay.... 

30  Schist.. 

1 
30  Clay.... 
45  Lime  . .  - 
30  Mica.-.. 

30  Qneiss.. 

I 
25;  Gravel  . 

26.. ..do... 


4eo 

465 

20 

25 
50 

35 

60 


Sand  ... 


CUiy... 

Lime . . 

Rot^k  - . 

Clay... 
do  - . 


40;  Rock 


Ft. 


:i9| 

40  Clay.. - 
li') do  . . 


20 


35  Rock  . . 
:i5Clay.-. 
20.. .-do.. 

:«) 

40  Clay... 
IM)  Gueiss. 


.25  Clay.. 
:«)....do. 
30. ...do. 
30. ...do. 
3r»....do. 


50  Sand.... 

do... 

55 do... 


—20  Manuf  ac- 
,     turing. 

-20 do 

-30  None 

-30 do 


— 30j  Manufac- 
I     turing. 

— 15|  None 


-18 do 

I 
-1-28;  Manufac- 
i     turing. 

+32  Boiler 

-20 

-10 

-15 

-io 

-10 
-20 


-20 


Manufac- 
turing. 

Machinery. 

Manufac- 
turing. 

do 

Factory 

None 

Engines 

None 

do 


-30;  Factory 

-15  None 

-20  Muchinory 

-10  

-25  Steam 

-20  None 


25  Ginning. 


-10 


-15 


None 

Ginning. 

None 

do... 


No. 


—20  Ginning. 


-2 


66 

♦67 

♦68 

♦69 

70 

♦71 

72 

♦78 

*74 

75 
♦76 

77 

78 

79 
80 
81 

♦82 
83 

♦H4 

♦85 

86 

87 
♦88 

m* 

90 
91 

92 
iH 
94 
95 
96 

97 

98 


Manufac-I 
turing.      ■ 

None 1    ^99 
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Sources  of  ttater  q 


No.       CVmnty. 


I 


100  Houston. 

101  ,  Irwin.... 


lOS  '. 


.do 


108  I  Jackson 


Loi'ality 


Most  common 
source. 


Other  Hourtres. 


Powersville . 
Fitzgerald  .. 

Oulla 


Harmony 
Grove. 


104 
105 
106 


.do 
do 
do 


Wells !  Stream 

Artesian  wells  I  Shallow  wells 


Wells '  Lakes 

do 


Most  satisfac- 
tory source. 


Source  of  nnb- 
lio  supply. 


Stream 

Artesian  wells 


Artesian  wells 

Wells Wells 

I 

I 
do do 


Maysville ' do 

Pendergraas  . ' do 


None ' do 


Winder 


1  I 

♦107  '  Jefferson 

lOK   do I 


do 


do 


.do 
do 

do 


do 
do 


do- 
do.. 
.d«>  -. 


A vera  

Bartow Artesian  wells '  Shallow  wells 


109 


.do Louisville 


I 


110   do... 

111  ,  Laurens.. 


Wadley 


Wells. 


Artesian  wells 


.'Dublin do 


Artesian  weUs 

Shallow  wells 
do 


do do 

Artesian  wells ,  Artesian  well-* 


Wells 'Wells. 


Artesian  wells  |  Artesian  well  - 
do ' do 


112    Lee '  Smithvillo 


WolLs None 'Wells '  Wells 

I 


113  Liberty  .... 

lU    ...  .do 

♦115  Lownde.4 . . . 

116  Ma(!on 

117    do 

IIH    Mudison 

119  Meriwether 

130  ^  Mit<;hell.... 

12J1     Monroe 

122  Montjfom- 
'     ery. 

123  Morgan 

♦124  Muscogee  .. 


Dorcht»«ter..J do do do do - 

Hineaville \  Driven  wells . .  Springs Driven  wells . .  Driven  well* 

Valdostn '  Artesian  wells   t^hallow  wells  Artesian  wells  Artesian  well* 

Marshall ville  do do do do 

Montezuma..: do do do do 

Carlton 


Wells None 


Wells 1  Wells. 


WcKxlbury  . .    do do do 

Polhaiii ' do ' do do 

Forsyth*' '  Waterworks  . . ,  Wells Waterworks . .  i  Waterworks 

Longpond WelLs None '  Wells I  Wells 


Rutledge do do do 

('olumbus River WelLs River. 


do 

River. 


125  I  Newton.-..  C\)vington.---   Wells. None Wells I  Wells. 


126 


do 


Newbijm do do 


do 


do . 


127  Oglethorpe. 
12S  Paulding... 
12»    Piekens  .... 

130  , do 

131  Pierce 


132  ,  Pike 


13;^ 


134 


do 


.do 


Lexington do Ponds ' do.. 

Dallas ' do Springs do-. 

Marblehill  . .. '  Springs None Springs 

Nelson '  Stream Wells '  Stream. 

Bla<?kshear.. 

Barnesville  . 

Concord 


do. 

do. 

Springs 
Stream . 


Wells None ,  Wells Wells. 


Spring do ,  Spring Spring 


Wells do 


Milner do do 

♦Set*  notes  at  end  of  this  table. 
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do 


.do 
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Oeorgia  cities  and  towns — Covitinned. 


Quality. 

Source  of 

)cont»mi- 

nation. 

Now 
supplies 
contem- 
plated. 

Ranifeof 

doptiis  of 

wells. 

Depth  to  principal  wa- 
ter supply. 

5w«- 

Material  £-§1 

inwhich  g^^ 

water    1^^ 

occurs,    oqa 

iftfi  1  o 

1 

Special 
uses. 

• 

\ 

i 

Ft. 

— 
Ft. 

No. 

1 

Ft. 

1 

Soft.... 
Hard... 

None... 
....do... 

None  — 
....do.... 

10 
140 

50 
680 

30 
6H0 

Sand 

Railroad... 

Manufac- 
turing. 

100 

Icity  .. 

Ample.. 

Rock  ... 

-90 

101 

Indi-   Insuffl- 
triduAlJ     cient. 

....do... 

....do... 

....do.... 

25 

30 

25 

....do... 

-:*) 

None 

loe 

\...do..i do... 

Soft  .... 

Surface 
drain- 
age. 

....do.... 

50 

60 

55 

....do... 

-55 

do 

108 

...dii.. 

Hard... 

-...do... 

..do.... 

80 

50 

35 

Sand.  - 

-20 

Machinery. 

None 

Machinery. 

104 

I. 

.do. 

Soft.... 
Hardy.. 

None . 

.  ..do.... 

ao 

18 

50 
45 

a5 

25 

Rock  . . . 

106 

1 

..do.. 

....do... 

Water- 
works. 

do  . . . 

106 

...do.. 
...do.. 

Ample.. 
....do... 

Soft .... 

..do     . 

None 

.    -do  ... 

40 

50 

40 

»and 

None 

Manufac- 
turing. 

♦107 

Hard... 

....do... 

--.do... 

106 

* 

...do.. 

...do... 

Soft .... 

. do 

....do     . 

j  350 

ao 

15 
185 

450 

250 

|...dO--. 

Clay 

-30 

None 

109 

...do do... 

-do..!... .do... 

^rd... 
-...do... 

....do... 
....do,.. 

....do.... 
....do... 

• 

70 

50 

295 

35 
15 

260 

110 

Sand  ... 

-30 

Manufac- 
turing. 

111 

...do.. 

'....do... 

....do... 

Drain- 
age. 

Artesian 
well. 

20 

40 

-10 

112 

,-..do..' do... 

Soft .... 

ao 

10 
300 
397 

30 
20 

500 

25 
14 

26r) 
:«7 

Sand  .. 

118 

City. .'....do... 

-do..' do... 

..do.l do... 

Iron 

Hard... 
....do... 

None.  -- 
....do... 
....do... 

None 

.-do   ... 
....do... 

...do 

114 

Lime-        -113 

♦115 

Sand  .     i  -121 



116 

...do..' 

-...do... 
....do... 

-...do.  . 

....do... 
..-.do... 

60 

500 

!        do 

+02 

117 

Indi-' 

1  vidua! 

2o' 

1 

1    

118 

|...do..' 

None . . . 

--..do... 

25 

25 

(?lny       ., 

119 

...do..' 

Deep  well 
None 

120 

City..  Ample.. 

Soft-... 

40 

50 

40 

(lay    ... 

:«) 

121 

1 

....do.  . 

....do.... 
....do.... 

a-, 

5(> 

.-.0 

l:W 

1 
Ample.. 

Hard  . . . 

:«) 

S<-bist             10 

None 

123 

Indi- '....do... 
1  vidoal 

Soft.... 

None . . . 

Spring    . 

'A^ 

:«) 

25 

Sand -15  Mauufac- 

1     turing. 

♦124 

;...d(> 

....do... 

....do... 

Wat«T- 
workH. 

.15 

If) 

(Irunito.         1.5  dinning  . . 

1 

135 

i  -do..'  Insuffi- 
cient. 

....do... 

....do... 

None 

40 

m 

40 

Clay...         :«),  N«»ne 

128 

i 

..do 

20 
25 

50 

21)  Granite.       -10 do 

:r> do 

127 

-do..'  Ample.. 

Soft  .... 

None  . . . 

Xono 

128 

do., 
do.. 

....do... 

I 

129 

....do... 

Soft.... 

Non«  . . . 

Noiio 

'lO 

KM) 

:«)  Ro<-k  .            20  Milling  .... 

i:jo 

do.. do... 

Hard  . . . 

Arti'sinn 
well. 

1.') 

(15 

(;5l  (^lay  ....         10  Nono 

i:n 

City do... 

..-.do... 

None  .  . 

Nono 

2<) 

:i5 

25 <lo...        -  2  Manufji*-- 

'                taring. 

i:fci 

Indi-  ....do... 
vidoal 

Soft...- 

...do 

..    .<ln     ... 

25 

:«) 

2.5 do    .           25  None 

\'&\ 

-do.. 

...do.   . 

..-.do.. 

....(!(».. 

..   .do       . 

15 

:«) 

2<^ 

....do. 

1     -12 

Ginning 

v^k 

1 
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[Ko.  ifle. 


Sources  of  trater  of 


No.       County- 


Locality. 


Moftt  common  ^^i,-_  ____^,.^    Most  aatiafac-    Source  of  pab- 
rouiw.         Utner  nonroea.     toryaonrw.  lie  snpply. 


♦136    Polk Cedartown...  Springs Wells Springs Springs. 

laS   do Rockmart...     Wells :...  Springs WelU Wells... 


137  Putnam.. 

138  Randolph 
130   do-... 


Eatonton Stream Wells do 

Coleman Wells Springs do 

Shellman do None do 


do 
do 
do 


140    Richmond..!  Augusta River Wells River River. 


141  Schley.- 

142  Screven 


143 
144 
145 

1^6 
♦147 

148 
149 
IfiO 

151 
152 
153 

154 

155 
156 

157 
15H 

159 

Itif) 

161 
162 
163 
IM 

\m 

166 
167 


do.. 

Stewart 
do.. 


EUaville Wells None Wells Wells..: 

Oliver do Driven  wells .  Driven  wells . . '  Driven  welb . 


Sumter. 
-.  ..do.. 


do 

do 

Taliaferro. 

do 

do 

Tattnall . . . 


.do 

.do 
do 


Rockyford  . . .  Artesian  wells 

Lnmpkin .^Springs 

Omaha Wells 

I 
Americus Artesian  wells 

Anderson-    Bored  wells  .. . 
ville. 

Desoto Artesian  welLs 

Plains    Wells 

Crawford  ville do 


Nye do 

Sharon do 

Claxton do 


Surface  wells  Artesian  wells 

Wells Springs 

Springs Wells 


Shallow  wells  Artesian  wells  | 
Springs Welb 

Shallow  wells  Artesian  weUs 

None WelLs 

Springs do 


Artesian  wells 

Springs 

Wells 

Artesian  wells 
WelLs ' 

Artesian  welfc* 

Wells 

do - 


None do 

do do 

Driven  wells do 


do 

do  

Driven  well** 


Olenvilh' do 


do 


do Wells. 


Hagan 

Reidsville 


do 

do 


do • do 

None do 


Driven  welLs 
Wells 


Taylor 
Terrell 


Thomas  . 


do 


Butler do do do do 

BronwotKl Artesian  wells   Shallow  wells   Shallow  wells . '  Shallow  welb 

Boston  do  .    do Artesian  welLs  ]  Artesian  welli* 

Cairo Wells None Wells WelLs I 


do ,  Chastain do do do 

do I  Meigs do ..do do 

do '  O-hlochnee do do do 

Towns Hiawass«»e do do do 


do 

.do 

do 

do 


do Young  Harris do '  Springs do do 

Troup Mountville... do None do ' do 

do Westpoint  ...   River '  Cisterns River River. 


16K    Upson Thomaston . . .   Wells None 


Wells 


Wells, 


16U 
170  ; 


do I  Yatesville...- do i 

I  I  I 

Walker I  Cedargrovo  . .  i  Springs i  Wells '  Springs Springs. 

*  See  notes  at  end  of  this  table. 


tl  OIK 

eitita  a«d  tomui — Cootinned. 
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Sources  of  troter  nj 


No.       County. 


Ijocality. 


*^"*hoS??S!°""   Other  Bourcea. 


171  Walker. 

172  !  Walton. 


Lafayette ,  Wells . 


Most  aatiafac-    Source  of  pob- 
tory  0oarre.  lie  supply. 


I  ^ 


Wells Wells. 


Monroe do None do 


178  j  Ware Wareeboro. 

174  '  Warren  . . 


.do 


.do 


.do 


Bamett do Springs do 


175  .Washington  Harrison do 


None ' do 


do 

.do 
do 
do 


176  I 


do 


Sandersville do 


1*** 


178 


Wayne Jesup 

do.... 


♦179  ,  Whitfield 


180 


.do 


181  Wilcox 

182  ' do. 


183  I  Worth. 

I 

184  1 do. 


do ,  None i  Wells. 

I                            '' 
Waynesville do ■  Springs ' do 


Wells 


do 


Dalton 


Springs Wells 'Springs Springs. 


Tiltxm Wells None Wells. 


Wells 


Abbevillii Artt^ian  wolls  <  Shallow  wells  '  Artesian  wells   Artesian  wells 

Seville Wells '  Ar  tesian! 

wells. 

Ashburn do... None ,  Wells Wells 


Willingham <!<> do 

I 

•  StHj  notes  at  ond  of  this  table. 


do 


dci 


«*««.]  GEOROTA. 

'toiyia  eiliea  and  loicnt — Gaotiimed. 


.8n«- 

Qcallty. 

Bupplles 
plated. 

^S^ 

f 

Ii 

jsr 

i 

^ 

KS^ 

Special 

A„p„.. 

Hftrd... 
Nwitml 

Nooe.. 
Drain- 
None.  . 

None.... 
Water- 

IS 

«. 

Fl. 

None 

z » 

....do... 
....do... 

lOKl. 

Ample. 

-i 

» 

None -— 

None.... 

....do.... 
.—do.... 

....do.... 

....do.... 

........ 

<"■" 

Bud... 
.-.-do... 

-m 

Ample.- 

H.rf 

10 

to 

Drkln- 
Nono.- 

tr  -- 

.     -do.. 

H-rt.. 

....do  .. 

Sand  ... 

Clay.... 
-...do... 

-su 

tartng. 
None 

Steam 

Olnning.... 

None ■ 

idi- 

Ampto- 
...do.. 

_,.do.._ 
.—do... 

Soft.... 

....do  — 
Notb... 

3i 
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NOTES  ON  SOURCES  OF  WATER  OF  GEORGIA  TOWNS. 

No.  5.  If  waterworks  are  built  for  the  town,  the  water  will  probably  be  taken 
from  a  large  spring  only  a  abort  distance  from  the  corporate  limits.  The  surface 
wells  of  the  town  are  said  to  be  frequently  disturbed  by  seepage  from  the  surface. 

No.  6.  The  main  supply  of  water  is  obtained  from  the  Etowah  River,  and  ia 
abundant  and  comparatively  free  from  contamination. 

No.  15.  Indian  Springs  is  a  noted  health  resort. 

No.  21.  The  city  of  Carroll  ton  has  one  deep  well  130  feet  in  depth,  furnishing  S 
to  2!}  gallons  per  minute. 

No.  29.  The  town  of  Canton  during  the  present  summer  has  experienced  quite 
an  epidemic  of  typhoid  fever.  A  sanitary  analysis  of  the  well  waters  of  the  city 
was  made  by  Dr.  E.  Evcrhart,  of  the  State  geologrical  survey,  and  it  was  fMod 
that  all  of  the  waters  were  more  or  less  contaminated  aad  unsafe  for  driiddng 
purposes. 

No.  32.  Chemical  analysis  made  by  State  chemist  from  a  deep  driven  well,  78 
feet  deep,  shows:  Carbonate  of  lime,  carlx)nate  of  magnesia,  carbonate  of  potaeh, 
and  carbonate  of  silicon;  total,  10^  grains  to  the  gallon. 

No.  35.  Mr.  Augustus  Du  Pont,  Dupont,  can  give  details  relating  to  the  deep 
wells  of  that  place. 

No.  53.  The  city  of  Clarkston  has  one  mineral  spring  which  is  said  to  be  good 
mineral  water.    It  is  owned  by  O.  A.  Bacon,  of  Atlanta. 

No.  59.  P.  G.  McDonald,  of  Vienna,  owns  several  artesian  wells. 

No.  63.  J.  N.  Colvord,  about  1  mile  from  Bowman,  owns  a  spring  the  water  of 
which  has  been  analyzed  and  pronounced  fine  chalybeate  water. 

No.  67.  This  town  is  poorly  8upplie<l  with  potable  water,  and  the  conditions  are 
quite  favorable  for  surface  contamination. 

No.  68.  The  town  of  Cavespring  is  located  near  the  center  of  very  large  springi*. 
which  will  furnish  ample  water  sui)ply  for  all  future  needs. 

No.  69.  The  following  analysis  is  given  by  owner  (analyst  unknown): 

Analysis  of  water  of  springs  at  Lindah\  Ga. 

[PartH  jxT  million.] 

Total  solids . 159.0 

Volatile  organic  matter 30.0 

Fixed  solids,  or  mineral  matter       . .     .  121).0 

Free  ammonia ...       .^ 

Albuminoid  ammonia .  .                               ...     ....    .0' 

Chlorine 230.0 

Hardness ,    .   ..  118.0 

No.  71.  The  city  of  Atlanta  at  present  is  supplied  almost  entirely  with  water 
from  the  Chattahocx'hee  River.  There  are  also  within  the  city  limits  a  few  deep 
wells  which  supply  factories.  The  shallow  wells  are  confined  almost  entirely  t*^ 
the  suburbs,  and  will  likely  at  any  time  become  contaminated  by  surface  drainage- 
No.  73.  The  well  water  of  EUijay  was  analyzed  in  the  lal)oratory  of  the  Stati 
geological  survey,  and  all,  with  one  or  two  exceptions,  wen'  found  to  be  contami 
nated  by  surface  drainage. 

No.  76.  The  town  of  Calhoun  is  supplied  with  waterworks,  the  water  bein^ 
obtained  from  a  large  spring  near  the  town  limits. 

No.  82.  H.  Strickland  has  a  fine  mineral  spring  3  miles  northeast  of  Duluth  on 
the  Southern  Railroad.     Good  for  kidney  trouble  and  other  c()mx)laints. 

No.  84.  This  immediate  .sc?ction  is  said  to  have  the  best  water  in  the  State.     It 
is  a  pure,  clear,  freestone  water. 


I  OEOBOIA.  321 

Mr.  I.  C.  Wade,  of  Cornelia,  has.  a  spring  on  his  farm  containing  tbo 
(ingredients:   Magnesia,  snlphnr,  bromine,  lime,  silica,  and  perhaps 

This  conntry  is  well  supplied  with  never-failing  springs,  branches, 
ivers,  etc.  They  are  all  pure,  freestone,  soft  water,  except  along  the 
veins,  where  the  water  is  affected  by  the  iron. 

.  This  town  has  had  a  deep  well  lx)red,  but  so  far  the  water  has  not  come 
^ralnse. 

r.  A  very  fine  mineral  spring,  furnishing  about  80  gallons  of  water  per 
belonging  to  Mr.  J.  B.  Williams,  is  reported  as  occurring  near  Avera. 
5.  For  analysis  of  Valdosta  artesian  water,  see  geological  survey  of 
Bulletin  7,  page  155. 

i.  The  city  of  Columbus  is  at  present  considering  the  question  of  securing 
ber  from  Blue  Spring,  located  in  Harris  County,  17  miles  distant. 
).  Cedartown  is  supplied  with  water  fn)m  a  very  cold  spring  located 
ber  of  the  town. 

r.  The  town  of  Andersonville  has  two  or  three  springs,  which  furnish 
ater  for  all  domestic  purposes.  The  Andersonville  prison,  of  historic 
was  located  here  during  the  civil  war  chiefly  on  the  account  of  the 
1 8ui>ply  of  water. 

).  The  water  supply  of  Dalton  is  obtained  from  a  large  spring  located  in 
part  of  town.  As  this  spring  becomes  muddy  after  heavy  rains,  it  is 
become  contaminated  from  surface  drainage. 

WELIiS. 

ise  of  the  folded  and  upturned  condition  of  the  limestones, 
and  sandstones  of  the  nortbwestf^rn  or  Palezoic  belt,  rain  and 
watet«  are  readily  absorbed.  Wells,  especially  in  the  lime- 
where  the  water  often  follows  definite  channels,  frequently 
2:ood  supplies  of  water.  Flowing  wells,  however,  are  rare.  In 
md,  or  cr>'stalline  belt,  the  rocks  are  largely  massive  and  are 
weathered  and  covered  with  residual  soil.  Considerable  quan- 
'  water  are  absorbed  by  the  porous  material  resulting  from  the 
ring,  and  shallow  wells  commonly  obtain  satisfactory  supplies, 
the  rocks  are  bare  of  such  soil  not  only  is  the  quantity  of  water 
fd  less,  but  because  of  the  fact  that  it  does  not  undergo  natural 
•n,  such  as  usually  occurs  in  the  weathered  portions,  the  water 
3  to  l^ecome  polluted.  In  the  southerly  or  Coastal  Plain  belt 
terials  consist  of  alternating  beds  of  sand,  limestone,  clay,  etc., 
re  porous  of  which  are  frequently  charged  with  water,  which 
g  reached  by  a  well  frequently  rises  and  overflows  at  the  sur- 
rhere  are  several  different  water  horizons  in  this  area  fur- 
valuable  supplies  for  public,  manufacturing,  and  farming 
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NOTES  ON  WELLS  OF  GEORGIA. 

No.  2.  This  well  was  practically  dry  its  entire  depth,  no  water-bearing  strata 
having  been  struck. 

No.  6.  This  well  now  supplies  town  of  Quitman. 

No.  7.  The  following  is  the  record  of  strata  penetrated:  Quicksand.  80  feet: 
limestone  (jwrous),  50  feet;  limestone  (hard),  20  feet;  cavernous  lime.  Locate 
on  Ocopilco  Creak,  2  miles  northeast  of  town. 

No.  16.  Dr.  George  F.  Payne,  Stat?  chemist,  furnishes  the  following  analysis: 
Total  solids  per  Unitecl  States  gallon,  15.16  grains:  chlorine,  0.28  grain;  free 
ammonia,  in  parts  per  million,  0.04  grain;  albuminoids,  0.02  grain. 

No.  17.  Strata  i)enetrated  were:  Red  clay,  10  feet;  limestone  and  occasional 
shells,  10 13  60  feet. 

No.  28.  This  well  was  bored  for  oil. 

No.  48.  See  Georgia  Geological  Survey  Bulletin  No.  7,  page  86. 

No.  54.  This  well  is  said  to  be  the  finest  in  Dublin,  (^a.,  and  is  used  by  nearl 
everyone  in  town  for  drinkint^  pur]X)8e8. 

No.  57.  The  following  strata  were  i)enetrated:  Blue  clay,  40  feet;  limestone,  1  - 
feet;  quicksand,  60  feet;  flint,  .'^O  feet. 

No.  70.  Reddish  clay  and  sand,  40  feet;  hard,  flinty  rock  and  occasional  san^ 
40  to  250  feet;  lime  roc^.<  and  coarse  sand,  250  to  400  feet;  shells,  coarse  sand,  ai: 
water,  400  to  485  feet. 

No.  72.  The  following  strata  were  x>enetrated:  Red  clay,  20  feet;  yellow  joir 
clay,  20  to  120  feet;  soft  lime  rock,  120  to  275  feet. 

No.  75.  The  following  strata  were  penetrated:  Clay  and  sand,  80  feet;  graj-i^s 
limestone,  80  to  120  feet;  shells,  etc*,.,  120  to  125  feet;  grayish  limestone,  125  to  IJ 
feet. 

No.  76.  The  following  strata  wer*^  penetrated:  Reddish  day,  80  feet:  lim?»stnii« 
30  to  50  feet:  sand  and  hard  flint,  50  to  100  feet. 

No.  77.  The  following  is  an  analysis  of  the  watrr  by  Dr.  George  F.  Pajii* 
State  chemist: 


Avaiysis  of  water  from  irrii  at  Hayan^  Ga, 


(Part«  iMT  million.  J 


Solid  matter     

Chlorine 

Free  ammonia 

Albuminoid  ammonia  - 

This  well  is  not  flowing. 
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SPRIlSrGS. 

Springs  are  very  numerous  and  sometimes  of  considerable  size  in 
he  northwestern  Paleozoic  belt  of  rocks,  especially  in  the  limestone 
Mtas,  where  subterranean  streams  are  of  not  uncommon  occurrence. 
In  the  crystalline  area  the  springs  result  from  the  emergence  of  seep- 
age waters  from  the  weathered  rocks.     They  are  very  numerous  and 
evenly  distributed,  but  are  small  in  size.     In  the  Coastal  Plain  belt 
the  springs  are  not  of  so  common  occurrence,  but  as  the  coast  is 
approached  numerous  springs  emerge  from  the  porous  limestone  or 
other  beds.     Some  of  these  are  of  very  large  size,  giving  rise  to  strong 
streams  at  the  very  start.     Measurements  made  by  B.  M.  Hall  at  a 
number  of  such  springs  are  given  on  pages  230  to  237. 
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Miscellaneous  gpmg 

[Reported 


No.     County 


Locality 


Owner. 


Odor. 


I 


♦I  ,  Bartow 


Cartersvillp . 


li 

•4 
•5 
•i\ 

i 

♦8 

♦9 

♦10 

•11 
•12 

•13 
14 
15 

•16 

17 

18 

\M 
♦fl) 

♦21 

♦a* 

24 


•»r. 


2ii 


Bartow  Man^a 
nese  and  Min 
ing  Co. 

C^mpboU .  Fairbum Henry  Roan i do 

do  ....; do W.Y.Wright.-..  ....do... 

CatooHa...  Beaumont W.P.Henry do... 


do  . 

do  . 

.do  . 

do  . 

do  . 

.do  . 


ChRtt(K>ga 
do    ... 


Catoosa    General  Baldwin do... 

Springs.  | 

do do ' do... 

do do do... 

do do do... 

Ringgold W.T.Parks do... 

Wilmot B.S.  Dills Sulphur 

I  I 

Menlo ' ,  None... 

Summervillo. . '  J.  S.  Cleghom  —  [ do . . . 


Quality. 


.  None.  None...  Iron.... 


I 


I do  ...I do T.R.Knox ....do 

!  Cobb I  Marietta D.  F.  McClatchey ! ...  .do 


do 


I 


Sulphur 


;  P  o  w  d  «»  r   .I.W.Morrow.. 
I     Springs*. 

Coffoo ;  DouglaH Gaftkin.s None  . 


do  ... 

Colquitt  . 


do 


do..,  Iron ... 
do  ..|  None . 
do..! do. 


....do- 
Soft . - 
....do- 


Saline do..' do...  Saline..; 


None do 

Saline  ..i...do 

do...L..do 

None. .J. ..do 


.do 
.do 
.do 


Hard- 

..-.do... 
....do..- 


C(jol  Springs..'  Cool    Springs    Sulphur  i 
I     Churrh.  I 


Iron ... 

....do... 
None . . . 

...do... 
....do... 
Sulphur 

None ... 

Bad 

None . . . 


I 


Iron  .. 

...do.. 
None. 


None 
. .  -do  - . 

...do. 


None 


....do...'Soft.-' 

Sulphur  llron, sol- 

phnr. 

Iron Iron..- 

Hard. 


None 
....do 

...do 


dc- 

Soft.-  -\ 
Sulphu'* 


Sulphur 


Dado Tronton —    CVlso  . 


I 
DtH'utur    -I  Calvary 


Nono  . 


J.F.  Dorsev <lo 


Sulphur  I  Yes . . .  Sulphur  SulphuT* 
None... I. -.do.. Soft  ... 


d«.       .Climax     IW.E.Pow<«ll do 

<lo  .1  Whighain '  Whigham do 

do    ...' do..    ■ do do 

l><M>ly    '  Cordolo '  Cordoh* do 

Dougheiiy' AUxany do 

Douglas..     LithiaSpringsE.W.  Marsh   t's-    do 

I      tate. 

.  .T.F.Martin do 


Flovd  . 


Arnnn'htH' 


Iron 

None  . . 
...do.. 
.  .  do.. 
...do.. 
Saline  . 

Nono  -  - . 


...do..;  Iron  ... 
None  . '  None  . 

...do  .. do. 

...do..! do. 

...do..' do 

...do do 

.  .do . 


♦28 
*2fl 

♦31  , 

.'« 
;«)  ' 

♦;«  '. 

'^ ; 

♦:»»  I 

40' 


do 

do 

.do 


Cavt'Hi>ringH  .  '  CavospringM do 

Coosavillo Mitchell  Cooper    do 

Floyd  Springs     Mrs.  E.  T.  Morri-   do 


Soft...  - 

do..  - 

Hard.  - 
...do..- 
Saline   - 


i<> 


Hard,     i 


.do 


..do do. 

'              I                 J 
.do... I  Some. I  None  ...' 

-do...!  Small.;  Iron 'lron,9nl- 


...do  .. 
...do  .. 
...do  .. 
...do  .. 
do  .. 


LiDdalo 
Rome... 
do.. 


Romo 


do  .. 

...do  .. 
...do  .- 
...do  .. 
...do  .. 


, .  I 


41  I  Fulton 


Atlanta 


!      son. 

T.H.B^>ozo do.*;.   Iron 

Mrs.  Battey do 

Mrs.  M.E.Hunt 
G.J.Bryant 
Alex  Johnstone . 

.T.  H.  Reese 
Alex  Smith 
J.P.Tippens 


W.  M.  Docking 


♦  See  notes  at  end  of  this  table. 
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!Cordii  in  Oeorffia 

UMJEL] 

B 

• 

rincipal  xnin- 
ralorgaaeoos 
»nstitoent8. 

1 

Sup- 
ply 
per 
min- 
ute. 

Manner 
of  emer- 
gence. 

IfateHal 
from  which 
spring  is- 
sues. 

Age  of  mate- 

inal  from 

whi<*h  spring 

issues. 

Us«s. 

Improvements. 
Ntme 

No. 

ron 

OalU. 
5 

1 

75 

2,<100 

i 

2 

2 

8 

IQO 

Stream. 

....do... 
-...do... 

Oranite 

Gneiss 

Medi<>iual 

do 

♦1 

...do 

do 

•2 

None. 

do 

8 

,\ir^  (*» 

....do... 
....do... 
..-.do... 

Limestone  . 
Black  shale. 
do 

Silurian  .... 

Devonian . . 

Cambrian  .. 
do 

Milling  and  do- 
mestic. 

Medicinal 

do 

do 

♦4 

Hagnesia 

Hotel 

♦5 

....do 

do 

•« 

....do 

....do... 

do 

do 

do 

7 

....do 

....do... 
....do... 
....do... 

Shale 

do 

do 

do 

•8 

LinM     ....... 

Limestone  . 
Shale 

Black  shale. 
Limestone  . 

do 

Silurian  (?)  . 
Silurian  .... 

Devon  a  i . . . 
Cambrian  .. 

do 

Unknown  .. 
Tertiary.... 

Milling 

None 

....  do 

*9 

Iron 

Dnm^stif  

♦10 

0° 

Lime  carbon- 
ate. 

do 

1 
1,000 

2,000 

....do... 
-...do... 

....do... 

Medicinal 

None 

Domestic 

Hotel 

None 

do 

♦11 

♦12 

♦18 

do 

Mica  schist. 
Schist 

Alluvial.... 

Medicinal 

do 

do 

do     

14 

Sodium  chlo- 
ride. 

Few. 
Many. 

Seepage 

..-.do... 

Stream. 
....do 

15 

Drinking,  bath- 
ing. 

Drinking 

do 

Bath  house,  et(!. 

None 

do 

♦16 
17 



Tertiai*y 

Silurian 

Tertiary 

do 

Eocene 

Tertiary 

Ologcx'ene  . . 

do 

Unknown  .. 

Cambrian  .. 

Cambrian  . . 

do 

do  

do 

do 

do 

do  

do 

do 

.     do 

18 

1 Few. 

Seepage 
Stream. 

do 

Limestone  . 
Clay 

Sand 

Clay 

do 

Lima=itone  . 

do 

Gneiss 

Limestone 

do 

Limestone  . 
do 

Limestone  . 
RfK-k 

LiIne^stone  . 

do 

do 

do 

do 

Oranite 

Medicinal 

Rnn.s  hydraulic 
engine. 

Medicinal 

Domestic 

Drinking 

Domestic. 

Hotel 

None 

do 

do 

do 

do 

19 
♦20 

♦21 

i 

Lime . 

1 
3 
Many. 

...do... 
-...do... 
....do... 
do. 

♦22 

♦28 

24 

Calciam 

None 

Medicinal 

Domestic 

Drinking 

Domestic 

None 

None 

do 

Domestic. . .' 

do 

Hotel.  eU-  

None 

do 

do 

do 

do 

do 

do 

do 

do... 

do 

do 

«) 

Sodium  chlo- 

....do... 

;« 

ride. 
Lime  carbon- 

....do... 

'jn 

ate. 
do 

20 

....do... 
do 

♦28 
*2& 

Iron 

do 

♦30 

Lime 

....do 

♦HI 

do 

...do. 

:« 

do 

♦;n 

-...do 

34 

Lime  carbon- 
ate. 

Lime 

t 
1 

do .. . 

do 

i-  

do ' 

....do 

:ff 

do 

....do 

;{8 

do 

....do. 

♦3» 

do 

....do. 

Unknown  . . 
do 

1 

40 

Silica 

Sev'l. 

....do... 

Domestic 

None 

41 
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Miscellaneous  spring 


No.     (V)nnty 


42 
4^} 
44 
45 

40 
•47 

48 

49 
5U 

51 

♦53 
♦54 

♦55 

♦50 
67 

♦58 

♦3» 
♦00 
♦01 


Fulton... 

do  ... 

do  ... 

do  ... 


Gilmer. 
Gordon 

Hall.... 


Ijocality 


Owner. 


Sedi-  i  Mineral 


I  1  inent.    deposit,  i  ^       ' 


Atlanta 

do.- 

do.. 

do.. 


Atlanta '  None 


None ...  1  Iron  . .  i  Iron 


.do... do. ..'None. do 


Whitepath 
Cash 


do  ... 

do  ... 

Harris  ... 


Bowdre 


Gainesville. 
do 


Westpoint  .. 


Atlanta d«>...  — do 

Atlanta  Mineral  do...  — do 

Water  Co. 

J.  M.  Dom do  . . .  Iron  . 

Dew • do...  None 


Sulphur  Sulphur 


do 
.do 


None . 
....do. 


J.W.Oslin i  None... I  None... 

Pascolet    Manu- ' do...' — do... 

facturing  Co.     |  i 

J.C.Blanton '....do... --.-do... 


Iron  . . '  Iron 

None  - .  None  . . 


Iron.... 

....'lo. 
....do. 
Soft  ... 

Iron .... 
Hard. 


Yes ...' Sulphur  Sulphur 


Iron  . .  1  Iron  . 
None .  I  None 

Iron  . 


Lumpkin .  Dahlonega 


do  .... 
.do  ... 


do 

Porter  Springs 


W.P.Price ....do...  ----do. 

H.  E.Underwo<K! do...  — do. 

Mra.  Carrie  Far-  do ...  — do . 


Meriweth-   BuUofhville. . 

er.  I 

I  I 

. : . .  -do !  Warm  Springs 

Murray . . .  |  Carters ' 


.do i  C  o  h  u  t  t  a 

I     SpringH. 

.do do 


row. 

UnittHl    States   do... do.. 

fishery. 

Chas.  Davis do... do.. 

S.M.Carter 'sen-  '....do...  Lime..  ! 

tate.  I  I 

H.  D.  Huffaker . . ' do...  Ii*on '  Iron  ..  Iron 


.....do. 

Small.]  Ye«... 
None  .  Non»» . 


Iron ... 
Hard. 

Soft  ... 

Iron... 
S<.ft  ... 
Iron  . 

S«»ft 

Hard  . 
...do. 


.do '  Fort  Mountain! 

.do Springplaco . . . ' 

I 
.do do I 


do  .   .  — do 

Mrs.  Staril do...  None 

C.  A.  King do . . .  Lime 


02    . 

I 

♦03  '  Polk Ai-agon 


A.  L.  Keith 


do 


.do 


.  .do..  ...  do 

.  -  -do do 

None  .   None 

...do.. 


♦04 
♦05 
♦00 
♦i)7 

♦(ft) 

♦70 

71 


do  . 
do  . 
do  . 
do  . 


Cedartown.. 

<'.o     

....  do 

do 


Aragon  Mill i do 


None 


.do .-   None  . 


Inm  ... 

....do 

....d.. 

Alkaliii' 
Hani . 

...do. 


I 


DodJ ....d 


Green ' d 


o 


o 


Pei'k ^ do ...  . 

J.  11.  Pliilix>t i do do 


..do ....  ..do 

..do..  .i...do 
..do  . . .'.  ..do 
'...do 


..-.do 
do 


.do 
.do 


.do 

..in 

.d.) 
.do 


.do do W.  H.  Ruy Sulphur   Some  .   Some  .. .  — d" 

.do do .!.().  Waddell Nou('...    None...   None.   None..  — do 

.do do Wi'st «1<> do do do.   .  ...»l» 

.do PasjTo N.  C'o«:hmn <U)-..    Lime do do..  do 


♦72 
♦73 
♦74 
*7h 
♦70 

78 
79 


do 
do 
do 
.do 
do 


do 
.do 


Ro<;kmurt ll'.W.  Everett do  . . 

do...    .   ...    Mi's.  Jones tit*.. 

do (T.W.Morgan dt». 

do Porter  . Jones do. 

do do. 


Sumter  . . .   AmericuH 


C.A.Chambliss «1. 


> . . . 


None 
....do 

do 

do 

«'.o 

...do 


...do 
..do 
...do 
.  ..do 
'  ..do 
...do 


do Lee  Hansford do do  ..  .i...dt» 

..do do... '...do 


Leslie J.    M.    Summer 

ftn'd. 


d»j 

....do 


None  . . 

...do 

...do. 

...do.. 

...do.. 

...do... 


♦80    Thomas..     Meigs ,  ('.  E.  Alligood do do do..  . 

♦81    do ^  ()chlochne<.»  ..  .1  Healde  estate Sulphur   Sulphurl     .do do 

♦  See  notes  at  end  of  this  table. 


...iU> 

In).i 

Hard 

....do 
Hard, 
Hard 

....do 

Soft  . 
....do 


1*^1 
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9  in  Oeorgia — Continned. 


lalmin- 
saseons 
bnents. 

Sap- 
ply 
per 
min- 
ute. 

Manner 
of  emer- 
gence. 

Material 
from  which 
spring  is- 
sues. 

Age  of  mate- 
rial from 
which  spring 
issues. 

Unknown  .. 
do 

Uses. 

Improvements. 

None 

do 

No. 

Galls. 

1 
1 

i 
3 

Many. 
7,200 

Few. 

Few. 
Many. 

600 

Seepage 
....do... 

Gneiss 

do 

Medicinal 

do 

42 
43 

....do... 

do 

do 

do 

do 

44 

Stream. 

....do... 
....do... 

do 

do 

do 

do 

45 

Slates 

Limestone  . 

Schistic 

do 

Cambrian  .. 
Unknown  .. 

do 

do 

.....do 

Hotel, etc 

None 

46 

;arbon- 

Milling 

♦4T 

'ogen. 

Medicinal 

do 

Hotel 

48 

hur. 

Seepage 
Stream. 

....do... 

Seepage 
Stream. 
....do... 

None 

49 

do 

Domestic 

do 

50 

Gravel  .     . 

Milling,  drink- 
ing. 

Medicinal 

Domestic. 

do 

51 

Schists 

do.... 

Unknown  .. 
do 

do '.. 

♦52 

do 

♦5;^ 

2 

2,085 
1.890 

do 

....  do 

Drinking,bath- 
ing. 

United    States 
ft.shery. 

Bathing 

Drinking 

Medicinal 

do   

Hotel    for    125 
guests. 

Various 

Large  hotel,etc. 
None 

♦54 

do .. . 

...do... 
....do... 

Quartzite  . . 
do 

do 

do 

♦56 
♦56 

»rbon- 

Limestone  . 

Black  shale. 

Shale 

Granite 

L  i    m  e  - 
8tone(?j. 

Limestone. 
do 

Silurian 

Algonkian  . . 
.  do 

57 

t 

i 

....do... 

...-do... 
...do.  . 

Small  hotel  .... 

Cottages 

Ncne     

♦68 
♦59 

, 

Cambrian  (?) 
Cambrian  . 

Silurian 

do 

.    do 

do 

Domestic 

do 

D  1*  i  n  king, 
washing,  and 
manufactur- 
ing. 

Domestic   

do  . 

♦flO 

100 
5S& 

....do... 

...do. 

....do.  . 

do 

•«l 

»rbon- 

do 

fS?. 

....do   

*i^i 

. .  do .  . 

..      do 

do      

*fH 

1    3ua 

mrbon-          10 
'  1,400 

...do   .. 

do 

do 

*(V> 

do do 

do   ..1 do 

do        1  f4rAveI 

do 

Cambrian  . 

SUurian 

do 

Siluriant .')   . 
C'jimbrian(') 

Siluriain.') . . 
Silurian 

...do 

do 

...  <lo 

Tertiary 

do 

do 

....  do 

None 

Domestic 

Medicinal    

Nont; 

Domestic 

Drinking 

None 

Domest.c 

None 

Domesti<' 

do 

do     

do 

do 

CottJiges 

*m 

•67 

6H 

'    do    .  .    Lime8tr)iie 

' do <lo 

•arlK)n-   i     ..(io do 

i    do do    

do do    . 

do 

None 

do 

do 

do 

do 

.do    

*6« 

•70 
71 

•72 

*r.i 

♦74 

do  .    .  1  Lime-^tone  . 

' .    .                                 do                 do 

do 

do 

•75 
♦7»; 

Miinv     ...do 

t  t 

Manv          do 

fio                   '            

7H 

m  car- 

Many          do       i  Sand 

...do 

Drinking 

None         

75) 

ite. 

KJO 

do  . 

*m 

2 

....do... 

Sand  .    

Domestic 

Non  '    

♦81 
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Miscellaneous  8prin{ 


No.  I    (V>unty. 


IxM'ality. 


♦H2  TownH 


♦8» 
84 


do  . 
do  . 


8iU  Union . 
♦881...   .do. 


HiawasHee 

do 

Hunt 

Blaintville 
do 


<  )wner. 


None 
...d> 


•8 

•88 
89 

90 
♦91 

♦98 
♦93 
♦94 

♦95 

♦96 
♦97 

♦98 

•99 
♦10(> 


Upson. 


do.... 

Walker  . . 

Warren . . 
Whitfield 


do. 

do. 

do. 

do. 

do. 

do. 

do. 


Molena 


W.  K.  Heddon . 

do 

J.  N. Qibson ! do... 

T.J.Erwin l....do... 

Bntts  &  Welbomj  Sulphur 

T.  J.  Willingham    None . . . 


Thunder 

Pond  Sprini;  . 

Wrightsboro. 
Atlanta 


Z.  Lawrence 
Gordon  Lee. 


do 
do 


I 


-  Smith I do 

Olive  A.  Lukens. ! do 


Cohutta . . 

Cove  City 

I  Dalton  . . . 


W.L.  Williams 
R.G.Houston.. 


do 


do. 
.do. 


I do 

! do 

:  McCutohen 


do 

Tiltou . 


Crown  Cotton 
Mills. 

Mrs.  V.  A.  Ham- 
mond. 

Mrs.  Lulu  Horn  . 

Martin 

W.H.  Freeman    . 

do 

Robert  Nance  . 


do 
do 


None . . 
....do.. 
...do. 
...do. 
Pleasant 

None . . 


.do 
do 

.do 
do 


^'tiiS'ijsS- !<»<-»»' 


None 

...do. 

...do 

...do. 

Yes.. 

None 


None . 

...do. 
....do. 
....do. 

Iron  .. 

I     phor. 

None...!  Soft... 


Soft ... 

...do. 

...do. 

...do.. 

Softsul 


do.. I I. ...do. 

-do..  None . - . I  Hard . 


.do 
do 


Sulphur 
None . . . 


.do 
.do 


.do...' Soft .. 
.do... I  Hard. 


.do...' Soft!?) 


None  ... do 

....do.     I  Soft  . 


♦  See  uoteH  at  end  of  thiH  table. 


9M 


Hhm 
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NOTES  ON  SPRINGS  OF  GEORGIA. 

No.  1.  This  spring,  known  as  Rowland  Spring,  is  located  5^  miles  northeast  of 
Cartersville.  There  are  two  other  springs  at  this  place,  each  of  which  is  a  out  the 
same  size  and  furnishes,  apparently,  the  same  kind  of  water  as  the  one  above 
described.    In  antel)elluin  times  Rowland  Springs  was  a  favorite  summer  resort 

No.  2.  This  spring,  known  as  the  Trentham  Spring,  is  located  3^  miles  north  of 
Fairbum. 

No.  4.  Doctor  Henry  reports  that  the  water  from  the  above  spring,  known  as 
the  Newnan  or  Beaumont  Spring,  is  used  to  oi)erate  a  mill.  No  improvements 
near  except  a  large  farm  house. 

No.  5.  This  spring,  known  as  Coffee  Spring,  is  located  3^  miles  west  of  Ringgold. 

Nos.  6-7.  These  springs,  known  as  Buffalo  Lithia  Springs,  are  located  81  milfls 
northeast  of  Ringgold. 

No.  8.  This  spring,  known  as  Cosmetic  Spring,  is  lix»ted  near  the  preceding. 

No.  9.  Mr.  Parks  reports  four  other  springs  between  this  spring  and  the  mill 
where  the  water  is  used  for  power. 

No.  10.  This  seems  to  bo  a  mineral  spring  of  some  local  importance. 

No.  11.  This  spring  is  located  about  one-fourth  mile  northwest  of  Menlo,and 
has  quite  a  local  reputation  as  a  mineral  spring. 

No.  12.  This  is  quite  a  large  limestone  spring,  located  in  the  corporate  limits  of 
Summerville. 

No.  13.  This  spring  is  locally  known  as  the  Knox  Spring. 

No.  16.  These  springs  are  small  and  are  probably  of  little  importance. 

No.  20.  Mr.  Dorsey  reports  that  the  water  from  this  spring  causes  iron  to  oxi- 
dize rapidly,  indicating  that  it  is  probably  a  mineral  water. 

No.  21.  This  spring  yields  mineral  water  of  supposed  medicinal  properties. 

No.  22.  This  spring  is  located  in  the  corporate  limits  of  Whigham,  and  is  exteO" 
sively  used  for  drinking  purposes. 

No.  23.  Peebles  Spring. 

No.  28.  The  spring  is  the  property  of  the  town  of  Cave  Springs,  and  is  fo^ 
public  use. 

No.  29.  Sand  Spring;  prol)ably  of  relatively  little  importance. 

No.  30.  Probably  a  mineral  si)rinK. 

No.  31.  This  spring,  known  as  the  Booze  Spring,  is  lo<.;ated  1  mile  south  of  Lin-^ 
dale.     It  is  quite  large,  furnishing  probably  several  millicm  gallons  of  water  ]K?r 
day. 

No.  33.  Mr.  Hunt  reports  that  the  sprintr  would  l)e  well  suited  to  furnish  water 
for  cotton  mill. 

No.  36.  The  spring  is  located  6  miles  west  of  Rome,  on  the  Alabama  road.     It  is 
reix)rted  to  furnish  a  large  volume  of  water. 

No.  39.  Heard  Spring.     It  is  reported  to  furnish  a  large  supply  of  water. 

No.  47.  This  is  one  of  tlio  largest  springs  in  the  State  and  flows  from  a  bluff  of 
Knox  dolomite.     Its  flow  is  usimI  to  operate  a  flour  mill. 

No.  52.  Siloam  Spring.     Formerly  had  (luite  a  reputation  as  a  mineral  spring. 
It  is  located  about  5  miles  southwest  of  Dahlonega. 

No.  53.  Underwood  Mineral  Spring;  located  one-half  mile  from  court-house  at 
Dahlonega. 

No.  54.  This  si)ring  has  quite  a  reputation  in  Georgia  as  a  health  resort. 

No.  55.  This  is  a  very  bold  spring  located  about  one-half  mile  north  of  Bulkxsh- 
ville. 

No.  56.  This  is  the  only  thermal  spring  reported  in  Georgia. 

No.  5H.  This  spring,  known  as  North  Cuhuttii  Spring,  has  quite  a  local  reputa- 
tion. 
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No.  59.  Cnhiitta  Spring;  located  about  jiO  miles  northeast  of  Dalton,  at  the  base 
>f  Cnhntta  Mountains.  Its  waters  are  supposed-  to  possess  marked  medicinal 
pcoperties. 

No.  60.  This  is  a  mineral  sprinK  of  local  interest. 

No.  61.  Mr.  King  states  that  this  spring  will  probably  be  used  soon  for  fish 
pond  and  to  supply  water  works. 

No.  63.  Analysis  of  water  from  Aragoii  Spring: 

AncUysis  of  toater  from  sprin{j  at  Aragon,  Oa, 

[Parts  per  million.] 

Solids.- 219.5 

Organic  and  vegetable  matter 95. 7 

Calcium  carbonate       . 80. 8 

Magnesium  carbonate 42. 9 

Sulphates .  - . Trace. 

Another  spring  located  near  the  spring  here  described  is  about  the  same  size. 
No.  64.  The  Dodd  Spring  is  locate<l  2  miles  north  of  Cedartown. 
No.  65.  This  spring  is  Irx^ated  2J  miles  northwest  of  Cedartown. 
No.  66.  Located  \\  miles  southeast  of  Cedartown.     It  furnishes  a  large  volume 
of  water. 
No.  67.  Locally  known  as  the  Philpot  Spring. 

No.  69.  This  spring  is  Icx^ted  .'J  miles  north  of  Cedartown,  near  the  road  lead- 
ing to  Cove  Springs. 

No.  TO.  Located  5  miles  west  of  Cedartown.     It  is  of  larj^e  size  and  is  locally 
known  as  West  Spring. 

No.  72.  Spring  located  6  miles  southwest  of  R(x;kmart.     It  seems,  from  descrip- 
tion, to  be  quite  large. 

No.  73.  Located  between  Ro(!kmart  and  Cedartown.     It  furnishes  several  hun- 
dred gallons  per  day. 
No.  74.  Locally  known  as  Parham  Spring. 

No.  75.  The  Jones  Spring  is  located  4  miles  south  of  Cedartown.     It  is  reported 
t«>  furnish  a  large  volume  of  water. 

No.  76.  Spring  is  located  on  Cedartown- Rome  road.  5  miles  from  Cedartown. 
It  furnishes  a  large  volume  of  water. 

No.  ^^0.  From  description  the  waters  from  this  spring  seem  to  have  some  medi- 
cinal properties. 
No.  81.  This  water  is  claimed  to  have  medicinal  properties. 
No.  82.  Probably  a  common  freestone  si)rinj<  like  many  in  Towns  County. 
No.  8'i.  Spring  is  of  small  size  an<l  is  of  but  little  importance. 
No.  86.  This  seems  to  bo  a  small  mineral  spring  of  some  local  importance.    The 
water  is  said  to  be  good  for  di^f^stifm. 

No.  87.  This  spring,  which  is  of  relatively  little  importance,  is  located  near 
BTorsesho?  Bluff,  which  is  KJ.")  feet  liiKh. 

No.  88.  Known  as  Thundering  Spring:  located  on  Flint  River,  near  the  post- 
»ffice  of  the  same  name.  Originally  there  were  two  hotels  and  other  improve- 
nents.  but  these  have  been  destroyed  by  fire.  The  development  of  a  new  resort 
B  contemplated. 

No.  91.  Spring  is  located  about  1   mile  south  of  Dalton,  and  only  a  short  dis- 
auce  from  the  Southern  Railroad.     At  presiMit  it  supplies  a  large  fish  pond. 
No.  02.  Mr.  Williams  states  that  a  hotel  and  lake  will  probably  ])e  constructed 
t  this  spring  at  an  early  <late. 
No.  93.  The  water  from  this  spring  is  said  to  contain  30.80  grains  of  mineral 
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matter  i^er  gallon.    It  is  located  at  the  base  of  a  rather  steep  hill,  only  a  few  hun- 
dred yiurd»  from  the  Sonthem  Railroad. 

No.  94,  This  spring  supplies  the  Crown  Cotton  Mills  with  water;  also  the  city  : 
of  Dalton.  ' 

No.  d5.  Spring  is  located  2^  miles  from  Dalton. 

No.  96.  Known  as  Home  Spring;  is  located  about  I4  miles  east  of  Varnelb 
Station. 

No.  97.  Located  2  miles  south  of  Dalton,  at  the  base  of  Chattooga  Mountain. 

No.  98.  This  spring,  which  is  located  lOi  miles  west  of  Dalton,  is  said  to  fur- 
nish 1 ,300,000  gallons  per  twenty-four  hours. 

No.  99.  Known  as  the  Freeman  Spring:  is  said  to  furnish  a  large  quantity  of 
water. 

No.  100.  Union  Spring;  located  3  miles  south  of  Tipton,  and  said  to  fumiflh 
about  1,000,000  gallons  per  twenty-four  hours. 

MEASUREMENTS  OF  SPRINGS  OF  GEORGIA. 

By  B.  M.  Haix. 

As  a  rule  the  springs  in  the  Paleozoic  region  of  northwestern  Georgia, 
and  also  those  of  the  Coastal  Plain  of  southern  Georgia,  are  very  large, 
but  in  the  crystalline  re^on  of  central  and  northeast  Georgia,  espe- 
cially in  the  areas  of  granitic  and  schistose  rocks,  tlie  springs  are 
generally  very  small.  There  is,  however,  in  the  general  crystalline 
area  a  belt  of  country  running  east  and  west  along  Pine  Mountain 
ridge,  through  Pike,  Meriwether,  Upson,  Talbot,  and  Harris  counties? 
in  which  there  are  phenomenally  large  freestone  springs.  The  country 
rock  is  a  sandstone,  or  quartzite,  sometimes  merging  into  quartzos* 
schist,  and  probably  of  Cambrian  or  pre-Cambrian  age.  It  is  every 
where  in  evidence  as  bold  outcrops  on  the  mountain  and  in  verticil 
bluffs  in  the  ravines,  where  it  gives  rise  to  huge  rectangular  blocki* 
Some  of  it  has  the  flexible  character  of  itocolumite.  Pine  Mountai 
is  the  youngest  ridge  in  the  crystalline  area,  and  evidently  has  dee 
fissures  from  which  the  springs  issue. 

SPRINGS   OF  THK   QUARTZITE   BELT. 

The  Warm  Spring  of  Meriwether  County  flows  1,890  gallons  p& 
minute  and  has  a  temperature  of  al)out  SS"".  It  is  utilized  as  a  pleas 
ure  resort. 

The  Cold  Spring  at  Bullochville,  in  the  same  county,  is  about  1  mi^ 
east  of  the  Warm  Spring.  It  discharges  2,025  gallons  per  minii 
and  has  a  temperature  of  62\  It  is  now  ut  ilized  by  the  United  Stat< 
Fish  Commission  as  a  fish  hatchery. 

Blue  Spring,  near  Hamilton,  in  Harris  C'ounty,  was  recently  mea 
ured  by  Mr.  J.  L.  Ludlow,  as  a  proposed  source  for  city  supply 
Columbus,  Ga.,  and  found  to  discharge  750,CX)0  gallons  a  day,  or  5i 
gallons  per  minute. 
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aPBoras  or  thb  paIjBokoio  bbgion  of  nobthwbbt  obobgia. 

region  there  are  hundreds  of  limestone  springs  of  consider- 
imOy  bat  the  flows  of  relatively  few  of  them  have  been  deter- 
Among  those  measured  by  the  writer  are  the  following: 

Flow  of  certain  Georgia  springs. 
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5  miles  north  of  Adairsville . . 
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By  M.  L.  Fuller. 


The  axis  of  the  peninsula  of  Florida  consists  largely  of  rotten  cav- 
ernous limestone,  white,  gray,  or  yellow  in  color  and  of   lower  Oli^^o- 
cene  age.     TJie  main  belt  of  these  l>eds  extends  from  the  vicinity  of 
Taylor,  Madison,  and  Suwanee  counties  on  the  north,  southeastward 
to  Pasco  County  and  vicinity  on  the  south.     On  the  west  the  lower 
Oligocene  limestones  are  separated  from  the  coast  by  a  strip  of  upper 
Oligocene  beds  consisting  of  somewhat  harder  and  more  massive  lime- 
stones, with  occasional  beds  of  clay.     The  upper  Oligocene  beds 
extend  northwestward  parallel  with  the  Gulf  shore   to  the  western 
limits  of  the  State,  but  west  of  the  Ocklockonnee  River  are  separated 
from  the  coast  by  a  strip  of  Miocene  marls  and  sands.     The  eastern 
boundary  of  the  lower  Oligocene  belt  is  marked  approximately  by  tli^ 
Octawaha  River,  beyond  which  are  upper  Oligocene  beds  of  an  a.2^ 
somewhat  younger  than  those  of  the  west  coast.     These  extend  nearl} 
or  quite  to  the  coast.     In  the  southern  portion  of  the  State  the  surii 
cial  rocks  are  of  late  Tertiary  age,  mainly  ] Miocene,  and  consist  <• 
marls,  gray,  green,  and  bliu?  clays,  soft  limi^stones,  shales,  et(*.     Ove 
the  older  rocks  mentione<l  there  is,  in  the  central  part  of  the  norther 
portion  of  the  i)eninsula,  great  thicknesses  of  sands,  mainly  of  Qui 
ternary  age,  while  along  the  northern  boundary  in  the  western  po  i 
tion  of  the  State  occurs  the  southern  edge  of  the  yellow  sands,  etc 
generally  referred   to  the   Lafayette   formation.     Local  deposits  < 
coquina  and  other  late  Pliocene  and  Quaternary  materials  occur  at 
number  of  points  near  the  coast.     The  structure  of  the  peninsula  i 
supposed  to  be  anticlinal,  and  the  occurrence  of  artesian  water  woul 
appear  to  bear  out  the  assumption.     Except  along  the  belt  of  lowi^ 
Oligocene  limestones,  where  the  land  rises  to  an  elevation  of  some  '2-^ 
feet,  and  in  a  few  of  the  sand-hill  regions,  t  he  land  is  very  low. 

WEI.L.S. 

Abundant  water  can  be  obtained  b}^  drilling  at  almost  any  point  i 

Florida,  but  usually  the  wells  do  not  flow  except  near  the  coast.     I 

general,  even  in  the  latter  region,  the  waters  only  rise  a  few  f(M 

above  the  surface,  but  near  the  St.  Johns  River  and  along  cert  a  i 

238 


FLORIDA.  239 

•f  the  western  coast  a  considerable  number  of  wells  rising  30 
more  above  the  surface  are  reported.  In  such  regions  the 
)n  above  sea  level  is  slight.  In  the  interior,  even  along  the 
ids  of  the  phosj)hate  belt  (P^ocene),  large  supplies  may  fre- 
.'  be  obtained  at  from  1 50  to  200  feet  from  the  surface.  In  the 
gion  along  the  middle  of  the  northern  portion  of  the  peninsula 
wells  from  30  to  75  feet  usually  obtain  abundant  water. 
i  the  wells  mentioned,  there  are  in  the  lower  districts  many  open 
l)taining  good  supplies  at  slight  depths,  Xearly  all  waters  are 
nd  the  waters  of  the  deeper  wells  are  charged  with  sulphur. 
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(218)1  Bock 


do 


+  11 


+m  78 


5() 


25 


+46...  2,500'r 

Many.    791    (a) 
+3  70!    (1) 


+  Many 


.do 4-Many 


60  Sand,  i?rav-+ Many 
el 

fl8 


3     aOOl      860' 


lEB  10^04- 


Rot-k 


76 
70 


(") 
(«) 

45 ! 
2^) 


16 


+ra) . . .  . 

a  Many. 


Hard, 
salty, 
alka- 
line, 
8  u  1  - 
phur. 

Salt.sul-  do 

phur. 

Sulphur ' do 

Hard,  |. ..  .do 
sulphur 

Sulphur do 

do. do 

! 

do  .      do 

Hard,   do 

sulphur 

Sulphur do 

Hard.   do  .. 

salty, 
H  u  1  - 
phur. 

Hard do 


General 16 

Irrigation 17 

*18 


I 

Irrigation,  '  ^19 
farm. 

Irrigation *20 

Manufactur-    ^21 
ing  plant. 

Irrigation !    22 

Domestic 23 


Irrigation 
do.... 


♦24 
♦25 


Spraying '  ^28 

Domestic '    27 

I 

I 
Irrigation  — '    28 
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WeU  records  in 


No. 


County. 


PoBt-ofWce. 


's  .  a 

■o       p 


Elevation. 


2| 


i.* 


♦29  , 
3() 
♦31 

i 

83 
34 

85 

I 

36  I 
37 

38 

3» 

41 

42 

I 

43  i 

♦44  '. 

4») 


Brevard 

do.. 

do.. 


Malitbar 


Jg. 


I 


Owner. 


Hitca- 
t;on. 


I     ^ 

I      3 

1  -«: 


a  I 

^    ,       DatuiL. 


N.    ,  F.W.(\)iu8t<M-k.. 
3  SW     F.A.Drake 


J    N.     J.H.Ham 


do 
-do 

.do 


1       S.      H.r.Starek 

Miocodepot U     S.      J.L.Day  — 


Miciro  post 
oflico. 


do I  On-hid 


1       S.      a.  R.  Hurford 


Near  Frank  Foi*at«r  . . 


.do do 

.do Koi-klcdjft» 

.do do 


2 

li 


do 
do 


E.      S.K.Michael 

S.      C\  B.  Magruder. . 
S.    '  Louise  M.Power. 


do F.r.Taylor 

.do .  'H.S.Williauib.... 


.do Roseland 

1 
.do do 

.do do 


1 


I 
i   NE. 

E. 


do    do 

do S«»l»iistian 


I       E. 


W.W  Bissell.... 

T.S.  Drake 

L.C.Moore 


'  Ft 

Hill-  av'Soa 


i  Slope         2»L  ...do 


^»' do 


24 


.do 
do 


a), do 


.do 


do 

J.  A.  (Proves 


O. 
O. 
(). 
O. 

o. 


.do 


do 


Near  Iiuliun  River  and      (). 
Lake   Wort  h 
Fi.'^h(^). 


.do TituMville !♦     NE.    Max  J.  Tloock      M. 

I  (head  Mos<iuito 


Flat  .. 

Ridiire. 

...do .. 

...do., 
do.. 

Slope . 
Plain  . 


27; do... 

l'>i do... 

10' 


48 

51 
52 
53 

♦54 

65 
56 

57 

58 


.do 


d 


(». 


Lai^ooni. 
Near  F.F.Tavlor M 


do Tropic  ... 

do Valkaria 

Citrus Felicia  ... 


y    S.      J.L.Ca-Hper O. 

i    N.     E.Sr.eilt'lins '    O. 

Dunnellon  Phos-      M. 


Clay 


do 

do 

do 
do 


G  r  e  e  n<*  o  V  c 
Springs. 

do 


M  a  K"  n  o  1  i  a 
Springs. 


I)hate  Co. 

i   SW.    O.A.Buddington  C). 

I  I 

.  Near  N.  B.  Ivev ( ). 


Near  Magnolia  S])rings     c). 
Hotel. 


8 

.  .Ulf 

do 

Few 

do 

a) 

do 

a) 

do 

Hi 

do 

40 

do 

:^i 

do 

12 

do 

5 

do 

12 

do 

Slope . 
Hill... 
Plain  . 


1::| do..-. 

30! do... 


Middleburg...    ....  Near  (i.A.Chalker    ..  ;    (). 

...      1       E.    ,  Scotland  Mills..  ;    O. 


do  ... 

do Orangcpark  . . . 

I  I 

do ; do ,  Sophia  R.  Master  I    O 


I 
'  '  i 

!  SW.    Wra.  Maierfeldt    '    (>. 


..do.. I 

Level.' 

I 
I 

Plain  . ' 

I 

Sloi)e . ' 
Valley, 

SloiR' 

Plain 


2:^1  Sea  . . . 

I 
2.->l do 


25, 


.do 


30 do 

rt! do 


10 


15 


do 


do 


♦See  notes  at  end  of  this  table. 


tsiejol] 


FM2a— Oontintied. 


FLORIDA. 
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f  ^  ^|i  of,  i 


I  ?•  »^ '  §•? '  '^ 


/».  R  Feet] Feet. 


3  «0     2r75' 

I 

a  m   3UII 
4S0+' 


■  fci  c 

which      ^  +  -^ 

water  oc-  I    r'  \^ 


curs. 


^  «.S  o 


2») 


Feet 
1()6 


I 
3  388 


♦  m     4(IU 
4  312 

<   190... 


8r> 


107 


R. 


Rock  . . 


:m  Phosphate 
rock. 

Shell  rock. 


Rock 


120|  Cavity  in 
rock. 


Coquina 


Feet. 
+  15 

+0 
+0 

+  15 

+0 

+  10 


651 


i  ») 

3  30(     .304 


l«v 


I- 


4   4». 


.  '     18  + 
♦  «>     350|None 

3  «:'|     21H|None 

:  I 

i 

3  mr : 


(90)1  P  o  rous  I 
I     rock. 

(80)]  Coral  rock. 

^'•| 

N.R.iShella^sandi 


J 


Coquina... 
(130) I  Gravel  .... 

(00)  Shell  con- ' 
glomerate.. 

Rock 


R. 

(100) 


(100), 

(100)  Rock 


aoo)| 

I 
I 
(140)  Sandstone. 


I 


?  240     aoo-None     (60)  Rock  . 

3   390      310, !       92 do 

*'  380      380 300'. 


4    878     073None ,  Coral  rock. 


4    815i  500+ 


20O 


5;    3(e      36^ '       R. 


J 


2»K      198lNone; 

3j    IK|1 |Xone' 


198 
50 


i    %S      3rM)i      176,90-176 


^ano 


Some 


.do 


Gravel  be- 
low rtxjk. 

Gravel 

G  ravol, 
sand. 

Coquina . . . 


£  I  ^r^^  How  0l> 

|!^?    Quality.      tt-d 


UMeH. 


No. 


'>F<iaU. 
70    <") 


(")     Hard,   do.. 

sulphur. 

7«        rio|-..-do.  .' do.. 


-.1    (") 

I 
78,    (<i) 


Sulphur   Flows 


IrriKation,  ,  ♦iJ9 
fanu.  ! 


...do 
...do 


do., 
do.. 


+40  7H    (ft) 


+.•10.  78 
+30... 

+231... 


I") 
(") 
(") 


+aO|  80        60 

(") 


Sulphur  I do 

do...  I do 

! 

do .. 


Irrigation 


80 


Irrigation,  do-  *31 
mestic.  1 

I    82 


Irrigation ,  do- ;    38 
mestir. 


do 


..  IiTigation 


-...do... 

do 

Sulphur do 


Domestic. 
Irrigation 
Domestic. 


+25'  66 

4  21   70 

+3  72 


+0 

+0 
+  16 


CO 

(«) 


72    CO 


72     (a) 


do .  .1 

do...  I. 


r5 


CO 


+20  75    CO 

I      I 

+  IH1  75 


...do 

...do 

do 

-  ...do 
do 

...do 


.do 

do... 

.do 

-do 

.do 


.do 
do 

do 


General 

Irrigation, 
farm. 

Irrigation 

Irrigation, 
house. 

Hotel   and 
I     plantation. 

do 

'  Irrigation, 

'     house. 

I 

.  Ic«  ])lant 


CO 


I 


+«   7(» 


.»> 


+4 
-60 


+15|  73 

I 

+;«  80 


Hard,  | do  ... 

sulphur 

Sal  t  y , do... 

miner- 
al, 8Ul- 
phur, 

Sev'l !  Sulphur' do 

70'     ..do...i do.... 

C»)    !  Hard Pump 


..  Irrigation, 
farm. 

..  Medicinal 


34 

35 

36 
37 
38 

:« 

40 

41 

42 

43 

♦44 
♦46 

46 
47 

48 


150? 


Hard,  ,  Flows  . . 
sulphur 


do 


+28 

+  1 

+7 

^     +2 

+:«) 


I  Irrigation,  etc     49 

Irrigation 

Washing  phos- 
phate. 

All  purposes  . 


do 


74    c»)      Soft,  I do... 

magne- 
sia. 


Town  supply 
for  house- 
hold uses. 

Resort,  me- 
dicinal. 


50 
51 

52 

53 

♦54 


a'>  Few. 

78 

70  Sov'l. 


Sulphur do 

...do. 

...do. 

....do. 


do 

do... 

do... 


Domestic .55 

Drinking 56 

I 
Irrigation,      57 
general.        ' 

Domestic,  gar-     58 
den. 


a  Many. 
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Wellrftordi 


a 

Elenlioii. 

i 

He. 

(%.u<.tj-. 

p.w-i.m.'o. 

5 

1 

A 

OWUBP. 

^ 

ti.^' 

ui. 

Fl.\ 

Ml 

tltay 

i 

KE. 

O.M.(^i«lt 

O. 

Pl^D. 

-1"- 

m 

...._!!(,_.... 

-...-d<. 

, 

E. 

A.A.VBuBunoi. 

(). 

..-du_ 

IS. do 

«! 

_____ll<l.__.. 

Wi«T.«i..-. 

..      1    N. 

elr. 
Parker  A  Paln«. 

O. 

..-do  . 

6S« 

•ff) 

Oolumbl.  . 

I*ln-Cttj-... 

_■    i  \  W. 

J.K.OiQilw 

I). 

Hill... 

-ffi.  PoHl-OfflW- 

•W 

„.. 

<1« 

>       1 

11.. 

87 

_____d.i--.- 

LkkPClKdMl. 

.     1  'NE. 

EliE.BrniD 

8toi». 

l»l;Stn 

W 

dt> 

dii 

J.W.Dinrlliur... 

(1. 

HiH... 

n 

..._*.____ 

MikwTllU.— 

J.D.M«nii 

o. 

fflopo. 

1S"'8«._ 

nwfc 

'VK'?-'- 

D. 

Tl 

-— d.. 

Hul«  Itiiuiid  . 

.     S  j    E, 

T.A.SniaiT   .... 

o. 

RidK» 

ai'Saa 

K 

l>nlmlH-H.<)i 

.     Hi      ... 

l-.M'PMKlll- 

M. 

Plain 

«|lj.k..-W.,r 

t:i 

D,.^,..,. 

Tli.wlmKllr.-i 

.I.K.Alf-r.1 

I). 

VKllBy 

u 

_..  rt„   .. 

liiurl..1I.'H(ii 

i    W. 

T.H.Kluxl.!     .... 

.>. 

L«vel 

an™,,.. 

". 

,,„ 

V..n»t:d,;, 

1      SK 

A.i'.MiUl.iv 

u. 

VM 

Tll 

.-  -rl-i..     . 

.  .'!.'    

1      SK. 

R.i«wll&Win.l- 

u. 

PUin 

1«^  ri.Ni 

M 

"1- 

.    .    N-UBT 

r..fl..l,.„.*Br,.. 

... 

.. 

•T" 

.......         . 

I'ulilH  ll.,r.lu 

M. 

M  S"« 

TU 

.  ...lu,.  .. 

..  .li..  .. 

-.      ll    K. 

PiinlMdi   1.-.- 

A.r.L.Raih'.M.l. 
]..l.Ygun.oiiB     .. 

M 

Pn.lriL' 

"""    '"" 

SI 

..   dn.    ... 

.'  ,:  s. 

SlOIK. 

m  sm 

Re 

... 

.    .1.. 

(■smphfll  * 

H3 

Duval 

Jiukmnvill... 

.:  .|sw. 

J.<i.CliriKt..plier. 

o. 

Plnin. 

K  Ses    ...  . 

M 

-■'" 

-"" 

"; ' 

'• 

tl.M.Divpn 

<.. 

Bh.ff  . 

ai do    .. 

.|Nfiftr  DwlunA  (' 

.    Howard  &  B.j»t 


.iSonth    Jackflon. 


It  end  of  Uila  table. 


fULLBL] 


Florida — Contmned. 


FLOBIDA. 
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e 


s 


/»•  n.  Feet.  \  Feet.  Feet. 
i  3«0±' i I      B. 


6  Dp. 


I  2,  3?li t 

I    I      ;        ! 
\i\  m    ujs\     13 

•....'«>^ I        15 


i   m. 

u)   m. 

2'  w 

2   loel 
2 1  laJ. 

4  i.W. 


(40) 
R. 

521 


eOJNone 
70  None 


«1.U» 

4  1,20U| KSalt) 

I  I 

2  150      140<      276i 

3  198,      173 


Material  inr°  a 
which      1^+^ 
water  oc-       '^  I  53 
cure.       S*^fe 


Bock 


Shell  rock. 


lOOi  Limestone 

40  Bock 

40*  Shell  and 
limestone. 


aO  Blue  clay. 
B. 


401  Soft  rock. 


74 


3     2«5| None 

3     m      3no'«ome^ 

'        I  I 

3     212,      IHO  None' 


o^S  o 


1/ 

9i 


Sup- 
ply 
per 
min- 
ute. 


Feet. 
+41 


'»F,Oals. 


m 


-i-ai  70 

+30 


+:«i 


-109  76 


(«) 


(«) 


Quality. 


16 


Hard, 
Hulphur 

Sulphur 


(") 


Hard, 
sulphur 

5  Hard  . . . 


(") 


lUO 


-70 
-100 


Hard, 
sulphur 


How  ob- 
tained 
where 
used. 


Plows 
do 


Flows . 
Pump  . 
Air  lift 


10  Hard 


Sov'l do... 

Sev'l.i  Hard, 
sulphur 


+6...Sev'l.  Salty, 
sulphur 

Sev'l 


+0 
+9 


Windmill 


Flows 


Strong-    do 

ly  sul- 


65 


"     44)8 


Bock 

Sand,  sniv- 
el. 

Bock 


.+7... 

+  10.. 
+15... 

+«-. 


I     phur, 
2*)  Sulphur 


2i  Hard, 
sulphur 

...i....do... 


do... 


do.... 


10... do 


..do 
...do 


«     m      lUONono 


330, 


B. 


do 

Sand  . 


3     660<      635'0O-16O 


-  800' 

4  616 

I 

«  810 

»  746' 


B.  Bock 


420-1 
510 


m» 


J 


B. 


Sand 


-t40  70 

+0  i^2 

I 

+5... 


do... 


Soft, 
iron, 
sulphur 

m)  Hard,    do. 

sulphur 


aoo 


Hard, 

iron, 

\  sulphur 


00 


Air  lift 


Flows 


+6  70        SO  Sulphur do. 


Uses. 


Domestic. 

All  uses  . . 
Drinking. 


Turpentine 
still. 

Drinking, 
stock. 

Town  supply. 


No. 


Plantation  . 
Domestic 


Irrigation 
do.... 


Turpentine 
farm. 

Drinking, 
sto<",k. 

Drinking 


59 

60 
61 

62 

•63 

♦64 

65 
66 
67 
68 
09 

70 

71 

72 


Drinking,  ir- 
riication, 

Turpe  n  t  i  n  e 
Htm. 


74 

75 
76 

77 


Ic-o  factory ...    *78 
do 79 


Drinking,otc 

Manufactur- 
ing. 


.do 


50 


6,    708'      487 


•2  72    (") •  Flows 

(«)     Sulphur do 


Drinking. 


+S«v-l  75 
eral. 

+;i5... 


0«) 


..do 


300-     37+ 
SOB: 


M  3,000 

M  5.00» 

'  6  I    ^      850 


None', 


"Sulphur' 
rock. 

Bock  and 
clay. 

do 

Bock 


+50  70      400.... do 


+2  72«)-300  Hard, 
sulphur 


+15  60    («) 


.do .  .- 
.do... 
.do.... 
.do.... 


Sulphur do 


Irrigation, 
l>athiug,eUt. 

Windsor  Ho- 
tel. 

Dom«»ti(; 


Domestic , 
farm. 


Public  supply 


80 
81 

82 

83 

84 

85 
86 


88 
88 


a  Many. 
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..  HuidarlQ.. 
.'  Plummer . . 

! *,...._. 

.1  Bt.  KlfhulBi 
.{ WUtehonH 


|!    El. 


IIK  I  FnnkliD   .  ApnlBrhL^ 

](«  [ do I  l^rrabfUi 

107  I  HSmlltmi  .'  Ari-rH.... 

IW   il« Wiiit<'H|>rl 


BoDtheme  tales 


VtHoy      ai' . . 
PUio.  Few.. 


.'o.H.Whiti«lde 

(MlCiirapany ] 


.  .i'l ..r.H.Diiv 

i.nt(.'ity    ....'      j!  SF.     Ksfi-tKc 


Flondtt — Contuiiied. 

1    ft 

IS  I  l« 

Q  2    a 


8)uid.«hell 
a>Dd 


10H-,      an'  V 


Sulphur  Plown  .. 

Hoft  ....  Pnmp.. 
Hnrd.PhiWH.. 

.-do.. 


.  .<lci . 


Sully 
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Wellrteoratn 


el  ?s 
I 


.  PralUandPBrk 


.    Jno.    Cbu-k     w- 


F.J.Wflaou 

.  B.  A.  Hendenon 

l.Flowino  — 


'  Coort-huDK — 

,  W.E.Towles... 

'Unknown 

BW.lJ.J.Phllmnn... 


E  I  Mb]. A.J. Adam 
1  N.  lA.B.Tndlwk  .. 
1||  HR.  'Ur».  Hini^rv 


■  *' 

A..I.Piittl([rfw 

,1...  __. 

.___.rt,.  _ 

1,    H- 

J.H-Vb«.r 

Oil-... 

PatmuS-iln.. 

t'.N.PotliKriiW- 

do—- 

PhIudHu  .... 

.     Bi    N. 

O.T.DirkiB  .__._ 

do.  ... 

-IN. 

Mg..,„  — 

.    a;  N. 

Scbayler  Polter- 

do   .- 

Ssrasuta 

- Near 

J.H.Loni 

<lo 

I.-,Fi»h  and 
Powor  C. 

do 

Terra  CeiB... 

t'  NE. 

CliBs.Blo.^ 

do 

—  do 

-■.!». 

E.B.Dole 

do 

...dci 

C,  F.Hohart... 

^IX^  *  ^^"' 

!      . 

PiKiD.:     14,  s>-&.. 


Mouiid'      1£ do- 
Hill...'      at! do.. 


wateodor  this  tabic. 


FLORIDA. 


Quality. 


Beeaaal- 
ysifl. 

Sulphur 


+4  80      no' Hard...!  Flows 


+20;  WJ      100  8  o  f  t, 
iron,  8ul- 
1  phur. 
100 


249 


How  ol>- 
tained 
where 

UM>d. 


U8eH. 


Medicinal 

Windmill.  Hou.sc%{(arden 
do...  Pump !  Domestic 


FltJWH 


Drinkinjf. 
Irrigation. 


No. 


Flows 


150. ...do-,  i do.... 


do 


Bathing? 

Irrigation, 
stock. 


Irrigation, 
stock. 

do 


+20  80      1.50  Sulphur  I do....  Irrigation, 

I  domestic. 

do...J 


Hard, 

iron. 


Pump Domestir 


+19  72       l.T*)  Hard,    Flows  ....   Irrigation, 
sulphur,  house, 

iron.  i 

+20  HOMany  Sulphur do....!  Irrigation, 

house,  stock 

.  do Irrigation 


+  H.  40. ...do... do. 

+20  74       l-)i)  ....do...i do. 


.do 


ifiS      360  Sev- 
eral. 


W  Phosphate 

Ti)C 

280  Porous  shell 
rock. 

B.     Porous  rock 


I0(i....do do 

Ho|....do... do.. 

551  H  a  r  d.  \ do. . 

sulphur', 

20  Sulphur do.. 

Hard do ... 


do 


70 Hard, 

sulphur! 

—8  72'    ('')    ,  Iron,8ul    Steam    Ice  manufac- 


Irrigation, 
sttKik. 

Irrigation 

do 

do 

do 

do 

Domestic 


350j 

350!     aoo- 


188 


70  Qi-avel  un- 
der rock. 


phur.  I     pump. 
+'S&  72,      :m  Sulphur    Flows  .... 


+  1H 


+  Sev- 
eral. 


75 Many  Hard.j do 

I  sulphur j 

200. ...do... do.... 


ii> 


:  21)?   7f;       250 


Hard, 
sulphur, 

magne- 
!  sia. 


do 


turing. 
Irrigation 

Irrigation, 
domestic. 

Irrigation  — 

Irrigation, 
stock,  etc. 


122 

128 
124 

126 

126 
127 
128 
129 

L80 
L31 

132 
133 

134 
L35 

i:)6 

137 

138 

i:« 

L40 

L41 

L42 

L43 

144 
145 

L46 

147 

L48 

149 

L50 

151 

152 

153 


"  +Many. 
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Well  record 


No. 


154 
155 


156 
157 
158 
♦159 
160 


Manatee). 
dc»... 


Marion 

do. 

do. 

do- 

do. 


Poflt-oflflco. 


o 

flt; 

es 

00 


Mi. 


I  ■ 


Terra  Ceia. 
do 


Cltra 


NE. 
N. 


Ownor. 


E.  R.  Hubbard 
J.  G.  Powers . . 


Dunnollon 3      E.     J.  Buttgenbach 


T.H.Whit© 


Leroy 

Montasrue. 
Ocala 


161  I  Orange j  Goldsboro 

182   do iMaitland.. 

168  I do Oakland.. 


NE. 

S. 

Near 


I 

P 


O. 
O. 


Situa- 
tion. 


Elevation 


Rolling 


M. 


W.  R.  Leroy 
T.  W.  Mooro 
City 


164 


.do 1  Orlando. 


165  ' do... 


166 
167 


do 
.do 


Sanford !    1* 


do. 
do. 


168   do.... 


..do. 


10 


Prank  Hall... 
Mr.  Dommek. 
G.  F.  CJonnell. 


Orlando  Ice  Co. . 
H.  F.  Chappell . 

G.  H.  Fernald... 


M. 

O. 
D. 
O. 

D. 
O. 

O. 


Florida  Land  and  I  Agt. 
Colonization  Co.  ■ 

W.J.Hill O. 


Valley 
Slope. 
Hill... 
Level. 
Plain. 


si 

p 


Ft. 

n 

8 


Datni 


8c» 


00 


lo 


100 


Sea 


Sea 


81oi>e. 


16» 


170 


171 
172 


17:j 


.do do !  J.  Frank  Miller. ..  I    O. 


-.do ' do 


3      E.     J.  N.Whitner.... 


do WinteriMirk E.  W.  Brew«'r. 


d< 


.(lO 


.do 


do J.  H.  Wyeth. 

do ...1 Mr.  Shultz. 


(). 

D. 
O. 


Slope. 

...do.. 
Level. 

Valley 
Plain  . 
...do.. 


12  LakeAp 


80  Sea 


15 

lol 


do 

.do 


lo. 


101  St.    Jo 
I      River. 


15 


d 


o 


Plain. I    1(X)!  Se»i 


174  I  ()s<*oola Cauiplwll 

175    do do 


N.     Bunn,lX»eu&Co. 
do 


177 

*17S 


♦17(5    do '  KiHMimniee Nt»ur  Kis.Hinmn«o     Ice 

'  Factory. 

...do do Hi    S.      W.  A.  MoCool.... 

...do Lanier (S.  10. T.    12    (1.  W.  Hopkins... 

I  I     27  8.,R.:«E.> 

179    PaHco Hemdon i     S.      Rice  &  Plioliw 


(). 
O. 

D. 

M. 
O. 


j  Slojw.' 
Plain.  I 


...do 


Valley'      ») 


180    Polk Etertow 


Citv 


181' do Kingsford Palmetto     Phos- 

I  i)lmte  Co. 

182    do Lougbnian  ....I    2     SE.     Carter  <fc  Wwk.n  I    O. 

(V).  ' 


O.    '  Slope 


D. 


130 


Level. 


♦18:^    Putnam 


184 


185 


do . 


do 


Crescent  Citv 


Ftnieral  Point 


Miller  dfe-  CjusIi 


S.      W.L.Dorr 


(>. 


O. 


-.do..         5  Cres**enl 


Sea 


Sea  -. 


.do .. 


.do 


.     2  I    S.      W.A.Evans O. 

*  See  notes  at  end  of  this  table. 


Flat 


15 


& 


Sea 


do 


iual] 


FLOKTBA. 


251 


bnda — Ccmtinned. 


Ms 

'  !    ^ 

M  & 


§•3. 


a 


u 

1^ 


|1    3d 


Feet. 

360  i: 

310 


i,aoo 

140 
65 

"1,400; 


140 
125 


Feet 
Some' 

losl 


Sev- 
eral. 

Some 
Some 


Feet. 
R. 


R. 


Material  in 

which 
water  oc- 
curs. 


Hi 

n 


Porous  rock 

H  o  ney - 
combed 
rock. 


70  Rock 

55  Limestone 


64  None, 


150 


130' 

15l' 

108!      108 


68 


.do 


50      100 


aS4 

2     127^ 


56 


54 


Rock 


Gravel  be- 
neath rock, 


I'- 

I 
,3' 

,3 

I 
4 

4 


aoo 

I 
13tt- 

I 

129 


14<j 


135        75; 
i:«  5J>-w 


200 


Under  rock 


White  clay 


80)  Rock 


12o 

1 


fiTj,       «)  Rtx'.k 


2 

2 

I 

a 

Eh 


Sup- 
ply 
per 
min- 
ute. 


Quality. 


How  ob- 
tained 
where 
used. 


Feet.   ^"'FGals.^ 
+20  78Many| 


+1H 


-15 
-13 

-eo 

-80 

-30 
+0 


1251 


+4 


Many 
Many 


Sulphur 

Hard, 
iron,8ul- 
p  h  ur  , 
magne- 
sia. 

Hard, 
sulphur 

Sulphur, 
iron. 

Hard,, 
sulphur 

Hard  ... 


Flows 

do... 


Steam 
pump. 

Pumped.. 

Steam 
pump. 

Bucket . . . 


— do...  Steam 
pump. 

Sulphur  Flows 


Irrigation . . . 

Irrigation,!  155 
domestic. 


Supplies  hotel   156 


Washing    157 
phosphate. 


Turpentine 
stiU. 

Drinking, 
stock. 

Public  supply 
Drinking 


70 


+  1H 

+  12 
+2-+  5! 


Sulphur 


Hard,  Flows, 
sulphur! 

Sulphur do 


72!      100 

73        60 

70Many d() do 


+  Sev-    74' 


50  Hard do 


eral. 

+  l(;' 


Sht;ll  rock. rl  Sev- 
;      oral. 


7H'Many  SI        ur do 

1  ■  I 

70       100  Hard, do 

sulphur, 


158 

♦159 

160 

161 
162 
168 

164 
Irrigation,  etc  165 

do 166 

Irrigation  . . .  '  167 


Drinking,  ir- 
rigation. 


do 


do. 


168 


169 


mi 1 

I  i 

140 f 

irvj      150 


4 ,  wm     WMk\-\m 


4    aa 


\sxy 


162 


90 


14.' 


:«> 


Tl  a  r  d  .  j  P  o  w  o  r 
I      iron.     I      i)Uiiip. 


Subirrigation    170 

,  171 

172 


D o iiio M t  i e  , 
groundH. 


Clay 


90 


«lo 

Un«U*rro<'k 


\ 


F 1    75  Many 


Some       13) 


Oj    190 ' 

6;    IfiO ! 


2    «0- 


..mx       300 
I  1 

6!    227 


}  '    160      155  Some       155 


Porous  r(K-k 


Rock 


-^ ») 

-50 

I 


Sulphur I>ouu\Mtic 

.do..   '  Pump BoiU'r, domos- 

lo do Ico  niannfac- 

I  turing. 


Many  Sulphur  Flows Stock. 


Sand.-Tono. 
Porijiisnx'k 
do...   . 


173 
174 
175 

*17« 

177 
♦178 

179 

IHO 
181 

182 


. . .    Sulphur Public  supply.  ^18;^ 

j  power.  I 

200  Hard.    Flows Irrigation..        184 

sulphur 

50(H do do I do I  186 


Many  Soft, 
mineral 

1      300  Hard  . 

250 


S  t  oa  m    Turpentine 
pump.  sti! 


City  supply 


^1»;     .  Many Mill,  boilers 

•  2ti   72 

-45   72 
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Wdlrteord 


J,  F.  Fenney  « 
E.aHalibsrd.... 

C.A.LKtteu 

Marli'A.BKker.. 

Edw.PlrUtu 

B.J.Adkma 

P.C.Cochrano  ... 
Walter  Thomu.. 
SuhdP.  B«ch._ 


Fmuli  Bugliev  .. 
■F.S.Hi.'kiik 


Bsretiford — . 

^"^'"' 

Cor»tiftd.i 

. 

«W. 

Dayton» 

....do 

H. 

About  mn  wells.. 


HiU...I      lijseii.. 
Valley      IB d. 


Hill.,- 


FLOBIDA. 
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ida — Gdntiimed. 


73 

9 


Ft 

SOI 


1- 

IS 
r    1^ 


2g 


800     inn 


5 

.4 

5 


Fref. 


225;      186 


IWi      183  None 
4a> Some 


118 

175 

an' 


Material  in 

which 

water  oc- 

dirs. 


100 


ery 


125iPoroti8  rock 


1^  Porous  8i- 
liceous 
limestone 

180  Porous  rock 


eoi 


Sand,  rock 


57  Ro«-k 


»0      250 !    B. 


do 


25      227  Some      224  Below  rock 


X«) 


2H0 


280 
304      152 


218      147  None 


1»      155  None 


ao 

80 
14-» 

140 

lae 


Bock 


do 


Shell  or 
coral  rock. 

Shell  rock. 


Soft  lime- 
stone. 


\.:m) 


■■*io     2S0' 


1(10 

.  _ I  _  _  _ 

«•,     KWSome 

I 
I.'O), None 


202' 


R. 


90       90  None 


136 


o3.T  • 


E3 


Feet.  ^"F 
+30  72 

* 

1 
+24   75 

I 

I 

+40  72 
-12  72 


Sup- 
ply 
per 
min- 
ute. 


How  ob- 
tained 
where 
used. 


Uses. 


No. 


— JJBj-  - 
-3-. 
+L5  7« 

+23  72 


+26 
+12 


70 
70 


+12  7« 
+12 


+20 

+20 


Sulphur,  Plows 
le- 
8ia,lron 

eOO  Hard,  ' do 

sulphur 


{Irri^tion,  do 
mestic. 


'do 


eOO----do 


Sev- 
eral, 


do 


.do Drinking, 

stock. 

Irrigation, 
farm. 


(")     Hard,  '  PIowh  ... 
snlphuri 

(rt)     do. -J do... 


(a)     ....do 


....do 


Sev- 
eral.' 

(«)     do 

-..-do 


do 
do 


65 
75 


+0. 


Soft     jwr- 
ouH  r<K*k. 

LimeHtom»y 


4-2», 


72 


(n)    Sulphur 

120  H  a  r  d  , 
I  sulphur, 
^  magne- 
sia. 


(«) 


All  purposes . 

Irrigation, 
drinking. 

Domestic,  ir- 
rigation. 

do 


do. 
do- 


Domestic 


do. 
do. 

do- 


Irrigation, 
drinking. 

Irrigation,do- 
mestic. 


f:*),  72 


Rock 


Limt«tr>i]« 


Sand  undor 
rock. 


20  Cavity    in 
rock. 


-54i 

I 
I 

I 


44  N) 
4410 


Soft,8ul- 
phur. 

Soft  .... 


do 


All  uses. 


do 


Domestic,  ir- 
rigation. 


I      I 


-70. 


m 


90     +90        90  Coral  rwk 


1(J5       105 


lOO-l 
2i90 


ft') 


«!«• 


+2 


-i-rt 


/■ 


l-J^ 


88 


Mainlvr«M:k      ^'+12 


125 


+r> 


Sev- 
eral. 


Hard . . . 

Hard, 
sulphur 
inagne- 
sia. 

See  anal- 
ysis. 


Hard 


C^tmpress-  Sawmill,  rail- 


ed air. 

Airlift.. 


do 


Pump 


72 


Hard, 
sulphur, 
magne- 
sia. 


25 


lo 


72 


road. 
I*ublic  supply 


Ice  manufac- 
turing,elec- 
tric -light 
plant,  plan- 
ing mill. 

Steam  mill . . . 


Drinking . 


do 


Sulphur    Pump 


All  purposes 


oMany. 


.do...; !  Domestic. 

fr  Above  tide. 


186 

187 

188 

180 

190 
191 
192 

103 

194 

196 

196 
197 

196 

199 

200 

♦201 

202 

20:^ 
♦204 

205 
♦206 


207 

:X)8 

209 


♦210 
211 
212 
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Well  reconb  i» 


DoLtindil^ke  ... 
,      Heloni. 
DeLaiidiLAkei  4i 


(Lak.-    Mr.n-  , 
.  H.illyhill.. ! 


N.  '  Harriet  Hali 
I  I  well  at  Ol 
I     wood), 

I  < ).  A.  Hatcher 

NE.   O.W.LanPBBter. 


..JD.M.HeBs. 
F.i.I,B.Tayl.. 


1 

;          1 

Plain. 
Rld)» 

au  sm ' 

»' ..;_ j 

Slo|«. 

- i 

Eleva- 

.=  s™ 1 

1  1  X 

|Wm.WrlhLT.'ll 

:  1  s\v 

E-lLHlaki- 

*I    ''■ 

lj.k..H.a,.iiMi.T 
iifii.'tiirliiKCi 

I   W.  (irai,K.Tit>-Mii.- 

'  .iiilSi.rlnK  CVi, 

SoHr   N'.L.r'i.T-.>ii 

N.     .I.R.F;Ui».,n 


....d. 

WakDlln  . 

Kt.Miirk- 

....    HE, 

Wa-l.l)i«- 

CaryvilUi- 

....  Nmr 

--^" 

1   NW. 

P.  Luiil-TT)-      D. 


....   Hstlr.iHd.. 
r.  a™ 


Lumber  Co, 
See  natw  at  end  oC  tbia  table. 
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florida— Contmned. 


Is' 

es 

.M 

if: 

§ 

^s 

5 

•c^ 

^5  ' 

A 

«•  tf 

**^ 

*» 

r> 

^ 

(^ 

a 

1  ^ 

5  5 


h.  Ft.Jt^t.  Fret.  F^t. 

\    « 

•    «>     3»)S(»iue 


Material  in 

which 

water  oc- 

cnrs. 


J'Sf 


II 


n 


3    1J6. 

*    ]70'. 

i 

2    272. 


Sand.  etc.. 
under 
r<K*k. 


None' Limestoney 


Sup- 
ply 

per    Quality, 
min-l 
ute.  ! 


How  ol)- 

tained 

where 

u»ed. 


F>rt.    "^F  (ifilnA 


-ae  7<>        «)  Sulphur    Puirp 


-7I>  70 


Uhoh. 


No. 


2ia 

I>ublic  Hupply  ♦ai4 


I 


(«0        Soft.BUl-, 

i     phur. 


K    XM 


ISev-        10*;  Bock 

oral. 

Sev- > Coral  rock. 

.  eral. 


-84  «8,    («')     Soft  .. 


HouHe,  Rtock .   sna 


-79  72    («) 


...do 


«  an ' 

3    1«     Ifitf"       «>      109  Rock 


S  ;  «•  II  111, 
KiwiX  (*  n 
w  i  n  d- 
inill. 

217 

Windmill  i  Irrigation,  do-  ^218 
mestic.  j 

Airlift...  Irrigation. ice   219 
manufactur- 
ing. 
220 


i    n»i    HJO 

I         I 

•    isr Some 


I    HJ5| 


76  Clay,  rock. 


h   17>     1% 


10 


i  li    K««      1 


■A  .SI 


97 

m 

85 
80 


li    112      112 
i     lflf>      HM) 


Under  rock 


Coquma... 

Cavity  in 
1  i  m  e- 
stone. 

R<xrk 


-30  72    (")     Hard. 
I       iron. 

-1-3...  Sev- '  Seeiinal- 
eral. '     ysis. 

+101-..'       10  Sulphur 


Steam 
pump. 


80. 


80" do 

96)  Coral  rock. 


I 


+3  73 


4-7!  72: 


-1-8   70 

I 

-f5  70. 
-42  72 


2  Hard. 
Bulphur 

15  Hard, 
sulphur, 
ma  K  n  (^ 
8ia. 


FIOWH  .. 

Pump  .. 


Hotel 221 

Medicinal,  *222 
drinking. 

Irrigation,    223 
strK*k.  I 


DomeRticgar-  224 
den.  I 

♦226 


1« 


do 


Domestic 228 


6  Sulphur 

7  Hard  . 


f 


I     2^      2li)S«»me 
3     l.y 


96 


1 


Shell  n>ck. 
do 


31   7H       lln  Hard. 
I  Huli)hur 

10  72    (>')     ...-do... 


3 
3 

1^ 
It 


10r> ' ' I  Cavity    19  ' 

I  I     feet  deep.' 

230 8J>!  Soft  chalky 

i  I  I      r<x!k. 

ItO 10 Sandatone 


-20 


f4  70  Sev-  Alkaline. 
,  eral.    sulphur 


do •227 

Windmill  ;  Houw,  bam,    228 
garden.         | 

Steam    Manufactu  r  -  *228 
pump.  ing  Ktarch. 

do..-.   Hotel  Web- 12:*) 

ster.  I 
'  231 

Public  supply  ♦282 

i 
All  uses i  238 


Pump 


-40  72 


3 


11«|      118 


A  losj 


ICII 

l.-c' 


80  None 


02.  Dark-blue 

:     clay. 

I 
80  Sand  and 
gravel. 


Good 


-f^H  72        14  Sulphur 


-l-H  71        11  Hard 


Pump  —  Irrigation,  do-  234 
mestic. 


General  use..   235 


Flows 


Few. 


See  anal- 
ysis. 


Flows 


-5 


10. -J    ^'0 


-1-10,.. 


oMany. 


60 


Salty, 
Bulphur, 


Steam 
pump. 

Windmill 


Domestic,  ir-  ♦296 

rigation. 
i^237 

238 


None:   well 
not  finished. 

Drinking 


Soft 


Steam 


239 
♦240 

♦241 
♦242 
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NOTES  ON  WELLS  OF  FLORmA. 

No.  1 .  The  luost  common  wells  in  Alachua  CJounty  are  2-inch  tubular  wdk 
These  consist  of  an  iron  pipe,  which  is  commonly  driven  down  until  solid  rocku 
encountered.  The  depths  of  the  wells  vary  according  to  elevation,  the  surface 
of  the  ground  water  being  nearly  horizontal.  Abundant  supplies  are  obtaixiei 
At  300  to  500  feet  sulphur  wat^»r  is  struck,  but  no  flowing  water  is  found.  At 
some  of  the  phosphate  mines  the  pipes  are  crushed  by  pressure  of  the  soft 
materials  ])efore  rock  is  encountereii. 

Conditions  similar  to  those  in  Alachua  County  occur  throughout  Colmnfaii, 
Marion,  and  Levy  counties.  In  Bradford  County  the  ground  water  is  deficient, 
but  supplies  can  l)e  obtained  from  surface  lakes  or  from  wells  200  to  500  feet  in 
depth.  The  deep  water  is  generally  hard  and  carries  sulphur.  It  is  believed  by 
the  well  drillers  that  the  sinking  of  the  considerable  number  of  flowing  wella 
along  the  coast  has  mat  'rially  affected  the  ground  water  and  lake  levels  iu  the 
higher  portions  of  the  interior,  which  are  supposed  to  furnish  the  supply  t  >  the 
water-bearing  stratum. 

No.  18.  There  are  thirty  or  forty  smaller  wells  in  the  immediate  vicinity,  all  of 
the  same  general  character. 

No.  19.  Mr.  Sanders,  with  others,  sank  three  wells  on  level  ground  on  Merritts 
Island  about  1900,  two  of  them  to  a  depth  of  170  feet  and  one  to  a  depth  of  300 
feet.    The  flows  were  good,  especially  in  the  deeper  well. 

No.  20.  Record:  White  sand,  70  feet;  shell  rcx'k,  with  large  clam  shells,  50 feet; 
dark  blue  clay  with  sand,  black  flint,  and  shark's  teeth,  110  feec;  hard  shell  rock 
with  water,  105  feet:  total  depth,  835  feet.  The  East  Coast  Lumber  and  Supply 
Company  obtain  their  pt^wer  for  a  planing  and  saw  mill  from  an  artesian  well. 

The  first  artesian  well  at  Eau  Gallie  is  said  to  have  been  drilled  by  John  McAl- 
lister in  1895.  Diameter,  H  in(»hes.  Record:  Sand,  40  feet;  blue  clay,  20  feet; 
lime,  sand,  and  shale.  00  feet:  Ki'*^^*ni»h  day  resting  on  coral  rock,  115  feet.  Th€ 
water  l)eKan  to  flow  as  soon  as  the  well  eut^^red  the  coral  rock,  increasing  ic 
amount  to  dnptli  of  about  *J00  feet,  where  the  well  stopped.  Temi>erature,  ?.) 
Water  ris(^s  to  5'3  feet  above  Indian  River.     Used  for  irrigating  orange  grove,  etf 

No.  21.  W(41  is  used  to  fnrnisli  power  for  operating  woodworking  machinery 
A  good  How  of  water  was  en('!)untered  at  280  feet,  and  the  volume  C4)ntinuedt' 
increase  all  the  wav  down. 

No.  24.  The  well  flows  a  jet  above  the  surface  3  inches  in  diameter  and  ab>^ 
20  inc^hes  in  height. 

No.  25.  Flows  a  4 -inch  jet.  rising  to  4  feet. 

No.  20.  Soft  surface  waters  can  be  had  on  Merritts  Island  in  abundance  1 
dri\ing  wells  from  5  to  iU)  feet.  The  deeper  wells  encountered  suc<*essions  * 
clays,  (|uicksand.  shell  rock,  limestone,  etc. 

No.  29.  Another  well,  owned  by  G.  W.  Washbumc?,  is  about  850  feet  deep. 

No.  81.  Record:  Sand,  70  feet;  shell  rock  with  clam  shells,  50  feet;  clay  ai] 
marl,  with  thin  layers  of  rock,  100  feet;  solid  white  shell  rock,  70  feet. 

No.  44.  There  is  a  marked  difference  in  taste  between  the  350  and  451  fo< 
wells,  the  latter  being  in  fact  less  mineralized  than  almost  any  well  in  the  regioi 

No.  45.  Another  artesian  well  of  character  similar  to  that  of  Mr.  Groves 
owned  by  S.  Kitching. 

No.  54.  There  are  three  wells,  respectively,  5,  8,  and  5  inches  in  diameter. 

Analysis  by  C.  F.  Chandler,  1890. 
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AnalftU  of  water  of  well  at  Magnolia  Springs,  Fla, 

[Parts  per  million.] 

Potaariiim  sulphate Tracee. 

Gildiim  ralphate 21.8 

Sodinm  chloride 14. 4 

Soliiim  carhonate 26.1 

GUdnm  carbonate 40.4 

Magnerinm carbonate .        40.8 

Ahnmnnm  oxide Traces. 

SfliM 81.0 

Ofganic  and  volatile  matter 16.4 

Total - - 190.4 

No.  68.  Record:  Sand,  6  feet;  clay,  46  feet;  hard  rock,  10  feet;  clay,  42  feet;  rock, 
»  feet    Total  depth,  182  feet 
No.  64.  Analysis  reported  by  owner  (analyst  nnknown). 

Analyna  of  water  of  well  at  Lake  City,  Fla, 

LPartB  i>er  million.] 

Appearance Clear. 

Odor - - None. 

Snqwnded  matter - None. 

Total  solids -  152.00 

Chlorine 15.00 

Hardness - 98.84 

Ritntes .20 

Ktrites 0384 

Free  ammonia 7432 

Albaminoid  ammonia None. 

Ko.  78.  This  company  has  five  large  flowing  wells. 

No.  93.  An  8-inch  well,  several  hundred  feet  in  depth,  was  put  down  about  half 
1  mile  from  Hr.  Cronin's  well. 
No,  94.  Well  supplies  a  swimming  pool  and  is  used  for  irrigation  and  for  power. 
No.  96.  Analysis  reported  by  owner  (analyst  unknown) . 

Analysia  of  water  of  well  at  Miutcogee,  Fla, 
[Parte  per  million.] 

Potassium  sulphate 12.7 

Sodium  chloride - 19.7 

Sodium  sulphate - - 3.3 

Sodiimi  bicarbonate..-. - 54.8 

Calcium  carbonate - 25. 0 

ICagnesium  carbonate - 11.1 

Ferric  oxide  and  alumina 5.4 

Silica - ..- 56.7 

Total - --- - 188.7 

No.  100.  Log  of  well  No.  1.  located  5  miles  west  of  Pensacola  and  2  miles  north 
of  the  navy-yard. 

IHB  10^-04 17 
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Record  of  toell  at  Pensacola^  Fla. 

Feet 

Surface,  whit«  sand 1 

Coarse  yellowish  sand. .   _ 8 

White  sand  (water) 12 

White  sand,  much  finer 10 

Bluish  clay  with  shells 85  i 

Grayish  sand  with  plenty  of  '*  drift " .    W  ■ 

White  coarse  sand  with  fine  gravel  at  bottom 20 

Variegated  clays  with  thin  sand  layers  between _ 80 

Whitish  sand,  becoming  coarser  at  bottom,  and  gravel 50 

Greeni«h  clay,  soft  on  top,  but  becoming  harder  below . .    40 

Hard,  greenish  rock 1 

Fine  greenish  sand  and  clay  mixed 29 

Greenish  rock  _ 1 

Fine  greenish  sand 16 

Greenish  blue  clay 178 

Green  sand  (flow  of  water  about  20  gallon§  per  minute) 18 

Hard,  green  clay '. _ lU 

Green  sand  (flow  of  water  about  25  gallons  per  minute) 21 

Hard,  green  clay,  very  tough 259 

Gray  sand  at  top  of  stratum,  gradually  becoming  coarser  (water  about  100 

gallons  per  minute) _ 140 

Clay-like  alluvium,  soft,  and  filled  with  shells  about  one-fourth  inch  in  diam- 
eter  -- 40 

Hard  clay,  greenish  in  color 213 

Grayish  sand  with  black  grains  ( salt  water  flow  of  about  20  gallons  per  minute ) .    10 

Very  hard,  greenish  clay _ 266 

Fine  gray  sand  (quicksand) 18 

Clay  and  sand  mixed,  thin  layers  of  each 40 

No.  101.  Log  of  well  No.  2.  drilled  on  East  Hill,  Pensacola.    Elevation  70  feet 
alK:)ve  sea  level. 

Record  of  well  at  Pensacola,  Fla, 

Feet. 

Variegated  clays IS 

Iron-stained  sandstono 1 

Coarse  orange  sands  becoming  white  with  gravel  at  bottom  (i)lenty  of  water 

standing  28  feet  down  from  surface) '^ 

Variegated  clays  with  fine  sand. .       . \\^ 

Coarse  white  sand  (water  stood  only  46  feet  l)elow  surface) . . I.** 

Gray  clay - . - -    - 4^5 

Gray  sand  becoming  finer  at  bottom 27 

Blue  clay - .- 36 

Gray  sand 14 

Soft  grayish  clay  becoming  harder  at  bottom 34 

Sandstono 1 

Green  clay  _ 18 

Sandstone  - 1 

Green  clay. 13 

Sandstone I 

Greenish  clay ..- 80 

Fine  green  sand  (water  st(X)d  86  feet  below  surface) IT) 

Hard  greenish  clay. 115 
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» 


Ghmiidignqr8Uid(initeraibcmt  40  feet  below  sarfoce) 33 

^cqr  bard  cUy,Uii6  green  in  color 130 

Snysand  (w»ter  40  feet  below  sorfBoe) 86 

foybaid  green  clay 140 

Rue  greenish  sand 30 

bid  green  day 70 

lock 1 

Iqr  becoming  bard,  gfieenish  in  colar 168 

Ine  greeniBh  sand 17 

'eiy  baid  greeniflb  clay 88 

imy  aandrtone 7 

oil  greeoiflh  day 8 

indatone — - ..  14 

fieeniahday 38 

Imestone  and  sandstone  in  layers 50 

liospbate  rock 14 

■Ddstone 11 

lioepbate  rock 4 

lard  and  soft  rock  (limestone  and  sandstone) 50 

fety  fine  gray  sand  (flow  of  abont  10  gallons  per  minnte  of  salt  water  at  a 

temperatnie  of  108*) 11 

heenish-gray  clay  beds  from  3  to  30  feet  tbick,  full  of  sbells  and  small 

sharks*  teeth,  alternating  with  limestone  and  sandstone  beds 115 

Ut  water  was  fonnd  again  at 1,470 

todstone  rock  with  layers  of  phosphate  rock 60 

Ho  indications  of  oil  were  f  onnd. 

AnalffHa  of  toaterfrom  well  No,  £,  by  Ledoux  db  Co, 

[Parts  per  million.] 

8flica. 98.8 

Oxide  of  iron  and  alnmina 19.3 

Odcinm  carbonate _ _ 70.8 

Hagnesinm  carbonate 66. 7 

Sodhun  carbonate _ „ 854. 8 

fiodimn  chloride  (common  salt) _ 5, 320. 4 

PWaasium  chloride _ 63. 8 

Organic  and  volatile  matter 31. 0 

Total - 6,025.6 

Total  solid  matter  obtained  by  evaporating  the  water 6, 016. 9 

Reaction,  alkaline. 

No.  112.  Record:  Quicksand,  15  feet;  clay,  10  feet;  chalky  marl,  etc.,  11  feet; 
Mndstone,  13  feet;  hard  rock,  3  feet;  cavity  with  water.  A  record  of  a  well  owned 
by  the  D.  B.  Qonld  estate,  and  73  feet  in  depth,  is  as  follows:  Sand,  20  feet;  blue 
clay,  13  feet;  limestone,  10  feet;  marl,  25  feet;  hard  rock,  5  feet;  water-bearing 
rock. 

No.  115.  Record:  Sand,  10  feet;  hardpan,  1  foot;  sand,  11  feet;  hardpau,  2  feet; 
«nd,  10  feet;  coarse  gravel,  3  feet:  blue  clay,  51  feet;  coarse;  black  gravel,  3  feet; 
total,  91  feet. 

No.  120.  The  water  contains  abont  1  part  per  1.000,000  of  solid  matter,  consist- 
iog  of  carbonate  of  lime,  chloride  of  sodium,  and  magnesium  sulphate. 

No.  121.  Analysis  by  R.  E.  Rose. 
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AncUysia  of  water  of  well  at  EtutiSj  Fla, 

Carbonate  of  lime Trace. 

Chloride  (common  salt) Trwe. 

No  phosphates. 

No  sulphates. 

No  magnesia. 

Iron  salts  equivalent  to  1  ^  x>&rt8  per  1 ,000,000,  consisting  of  a  mixture  of  ferrotu 
carbonate  and  oxide. 

A  remarkably  pure  water. 

No.  124.  A  qualitative  analysis  of  another  well  of  Mr.  J.  E.  Harris,  64  feet  in 
depth,  shows  the  presence  of  iron. 

Analyfds  of  icater  of  tvell  at  St.  Francis^  Fla. 

Iron,  sulphate  of  calcium,  sulphuric  acid,  magruesium,  phosphoric  acid,  chlorine, 
sodium,  nitrous  acid,  calcium  carbonate. 

Other  flowing  wells  reporte<l  at  St.  Francis  are  64,  85, 100, 112, 129,  and  150  feet 
in  depth. 

No.  142.  There  are  50  flowing  wells  in  the  county  yielding  from  35  gallons  per 
minute  upward.  Water  is  generally  found  from  840  to  880  feet  in  depth,  and  is 
always  moderately  hard.  Two  other  water-bearing  layers  occur  at  abont  500 
to  550  feet,  but  they  do  not  add  to  the  pressure  or  increase  the  flow. 

No.  145.  Following  is  the  record  of  this  well: 

Record  of  tvell  at  Palmetto,  Fla, 

Feet. 

Soil _ : 1-  I 

Limestone. 1-  ^ 

Yellow  clay _ 6-  9 

Mud 9-60 

Rock ; 60-61 

White  clay 62-63 

Rock 64-65 

Bine  clay 65-110 

Soft  rock... lU-U- 

Blueclay 113-155 

Soft  mud.... 156-l6t 

Rock 162-16^ 

Mainly  rock 166-19^ 

Some  rock 190-21 1 

Soapstone 211-22- 

Rock 222-224 

Blue  clay 224-23: 

Rock 235-231 

White  rock 239-24.: 

Rock 242-24; 

Whit^clay 243-24" 

Hard  clay 247-241 

Rock 249-25: 

Hard  clay 251-25< 

Waterrock 256-27J 

Hardrock 278-27< 

Waterrock.. 278-38< 

(^ther  artesian  wells  in  the  vicinity  are  owned  as  follows:  H.  C.  Clarkson  (2) 
G.  W.  Brown  (1),  F.  C.  Armstrong  (1),  T.  J.  Backman  (1),  N.  McLean  (1),  am 
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) .  The  welk  in  general  show  a  decrease  in  volnme  since  their  drilling, 
dne  largely  to  improper  casing.  The  well  of  the  Iron  Company  has 
otioeable  changes  in  the  amount  of  mineral  matter  present  from  time 

There  are  abont  40  similar  wells  on  the  island  within  a  radins  of 
it  no  two  of  them  give  anything  like  the  same  record  of  materials 

» 

There  has  been  no  decrease  in  pressure  or  flow  in  the  twelve  or  thirteen 
bhe  wells  have  been  used. 

Record:  Sand,  8  feet;  clay  and  sand  mixed,  40  feet;  joint  clay,  12  feet; 
3,  3  feet;  porous  limestone,  2  feet.    All  wells  in  the  vicinity  similar. 
Other  deep  wells  in  the  vicinity  are  as  follows: 


Name.   • 

Number 
of  wells. 

Diame- 
ter. 

Depth. 

R<.>marks. 

>n 

2 

Inches. 
4-2 

4 

8 

4 

u 

8 

'^ 
2 

4 

Feet. 
218-200 

809^ 

218 

800 

100 

415 

160 

Flows. 

IceOo 

Do. 

»au 

Do. 

M 

Do. 

r 

Do. 

>  -»----  ----  ------ 

3k 

Water  at  —  27  feet. 

y 

Flows  7  feet  above  sur- 

J   ----  — 

face. 
Flows  3  feet  above  sur- 

State Bank 

face. 
Flows  4  feet  above  sur- 

* 

'hnston 

80 

face. 
Flows. 

Record:  Sand,  2  feet;  clay,  68  feet;  shell  and  clay,  18  feet;  clay,  6  feet; 
2  feet;  clay  and  rock,  96  feet;  water  rock,  70  feet;  total,  262  feet. 
Used  for  city  water  supply,  for  ice  machines,  and  runs  overshot  water 

Two  other  wells,  respectively  800  and  550  feet  deep,  are  reported  in  the 

Analysis  reported  by  owner  (analyst  unknown). 

AncUgsia  of  tpater  of  irell  at  Lweoak,  Fla, 
[Parts  por  million.] 


luminum  oxides 
krbonate 


12.9 

2.5 

168.2 

ium  sulphate 25. 5 

1  carbonate 14. 9 

d  potassium  sulphates - Trace. 

d  potassium  chlorides .   17.2 

- --  8.1 


1 

Analysis  rei>orted  by  owner  (analyst  unknown) 


287.2 
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Analyttis  of  water  of  well  at  Liveoak,  Fla, 

[Parts  i>er  million.] 

Silica 2.5 

Iron  and  alaminnm  oxide .9 

Lime,  calcium  carbonate. .   '. 9.7 

Lime,  calcium  sulphate Trace, 

Magnesium  carbonate 1.8 

Sodium  and  potassium  sulphate _ .  Trace. 

Sodium  and  potassium  chlorides 28.9 

Loss,  etc _ 2.1 


Total 45.9 

Organic  matter _ 12.0  . 

The  town  is  drained  by  turning  the  water  into  the  first  convenient  cavernons 
rock  which  is  encountered.  It  is  stated  that  a  large  lake  could  be  readily  drained 
in  this  manner.  The  sewage  is  disposed  of  in  the  same  way.  This  method  of 
sewage  and  drainage  disposal,  while  convenient  to  those  prat^ticing  it,  is  highly 
dangerous  to  those  having  wells  nearer  the  coast,  and  steps  should  be  taken  to 
prevent  it. 

In  the  town  of  Liveoak  and  the  surrounding  country  there  are  a  number  of 
**  natural  wells,"  al>out  2  feet  in  diameter  and  in  some  cases  40  to  50  feet  deep. 

The  materials  reported  for  the  first  200  feet  at  Liveoak  are  as  follows:  Soil  and 
sand,  5  feet:  yellow  clay,  35  feet;  limestone,  sometimes  soft  and  chalky  in  the 
upper  portion  and  becoming  harder  at  the  base,  80  feet;  white  shell  limestone 
with  crevices  and  abundant  water,  80  feet. 

No.  210.  This  water  deposits  a  creamy  substance,  which,  when  dried  by  heat, 
shows  globules  of  sulphur.  The  suli)hnr  gas  does  not  seem  to  i>ass  off  on  stand- 
ing, as  is  usually  the  case  with  waters  from  other  wells  in  the  vicinity. 

No.  214.  Analysis  reported  by  owner  (analyst  unknown): 

AiKtlysis  of  water  of  irvU  at  De  Land,  Fla. 

[Parts  por  million.] 

Total  solids -     .   ..    135.9 

Residue  after  ignition 75.9 

Gas  and  loss  on  ignition  (organic  matter  in  part) (iO.O 

Sodium  chloride 11.3 

Free  ammonia . . .  • ' 

Albuminoid  ammonia -2 

Oxygen  (c<jnsuniing  power) . 1.5 

Nitrates - .3 

Nitrites - None. 

Sulphates - 2.0 

Phosphate. - Trace. 

Record  of  irell  at  De  Ijnid,  Fla. 

Sand - -*^ 

Clay- --- ^^ 

Shell - - ^ 

Rock ^ 

Sand - - 50 

aay - ^ 

First  water  at      10^ 

Shell...   ..   \2 

Rock.- -- 18 

Space  (inches) 3 
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ck 3 

iid 8 

ck 40 

aterat 200 

ad  and  shell 40 

ck 10 

ly - 10 

id 30 

ck 12 

ly 15 

3ll  and  clay _ 80 

ck _ - 20 

iter 

y  and  sand  alternating 

Jo.  218.  The  first  flowing  water  was  obtained  at  100  feet,  but  was  dark  colored 
I  gave  on  standing  an  oily  scum.    Another  dark-colored  water,  in  which  live 
Bcts  were  found,  was  encountered  at  170  feet, 
lo.  222.  Analysis  reported  by  owner  (analyst  unknown). 

Analysis  of  icater  of  well  at  De  Land  (Lake),  Fla, 

[Parts  por  million.] 

ygen  consumed  by  organic  matter  .  _ 31.50 

»  ammonia .44 

iraminoid  ammonia. . .18 

trates None. 

trites - Trace. 

tal solids 2,833.9 

tonne _ 1,071.6 

Total  solids  consist  of  the  following  ingredients: 

Por  cent. 

ne  (CaO) 9.96 

ignesia  (MgO)  3. 01 

iium  chloride  (NaCl) 61 .  66 

ia(Na,0) 5.88 

tassium  chloride  (KCl) .  -  - - Trace. 

Iphuric  acid  (SO3) 9. 29 

rbonic  dioxide  (CO.J  .    7. 86 

icia  (SiO,) .60 

n  and  aluminum . .  Trace. 

determined  matter . . 1 .  54 

^0.  225.  Soft  water  is  found  in  coquina  at  10  to  17  feet.     At  85  feet  water  ris- 

;to  -f4  feet  was  found.     There  are  probably  100  wells  similar  to  this  within  a 

lious  of  5  or  6  miles. 

^o.  227.  Wells  on  the  east  side  of  the  river  are  affected  by  the  tide. 

^0.  229.  Record:  Sand,  35  feet;  shells,  02  feet;  shell  rock,  130  feet. 

^0.  232.  Analysis  reported  by  owner  (analyst  unknown). 

Analytfis  0/  inifcr  of  irell  at  Orangr  City.  Fla. 

[Parts  jM'r  million.] 

ee  ammonia . . .     . 0. 00 

buminoid  ammonia.  .  . 05 

ygen  consumed  . .  . .      1 .  05 

trites .  -  .00 

trates 1.00 
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The  Orange  City  Water  Company  is  identical  with  the  Orange  City  Mineral 
Spring  ComxMwiy.  The  well  has  yielded  1,000,000  gallons  'per  day  without  reduc- 
tion of  head. 

No.  236.  An  examination  by  H.  W.  Wiley,  Chemist,  United  States  Department 
of  Agricnltnre,  showed  the  total  solids  to  be  41.96  grains  per  gallon,  consistioj 
of  sulphides,  chlorides,  and  carbonates  of  calcium,  magnesium,  potassium,  and 
sodium. 

No.  237.  Analysis  by  E.  S.  Wood,  1893. 

Analysisi  of  vxiier  of  well  at  Port  Orange ,  Fla. 

[Parts  per  million.] 

Free  ammonia 0.208 

Albuminoid  ammonia OW 

Chlorine - - 82.3 

Fixed  residue 359.0 

Volatile  residue - - T9.0 

Total  residue - 4:38.0 

Hardness - Excessive. 

Nitrogen  as  nitrates 12 

Nitrogen  as  nitrites .^ 

Odor  ._ - NouP 

Color - Very  slight  brownish 

No.  240.  The  well  was  abandoned  at  202  feet  without  obtaining  a^y  wat^ 
because  of  encountering  a  hard  rock  upon  which  the  drill  made  no  impression- 
No.  241,  Following  is  the  record  of  the  well: 

Record  of  well  at  Caryville,  Fla, 

Yc 

Red  sand 

Pinkish  white  flinty  rock 

Limestone 

Fine  white  sand 

Limestone,  becoming  rotten  at  bottom 

Brownish  clay — 

Gray  sandstone . . 

Limestone  and  marl 

Sand - - 

Marl - - 

Greenish  sand  . 

Marl  and  clay 1 

Limestone  and  marl 

Gray  sand 

Sandstone _  . . 

Clay  and  marl 1 

Sandstone _ 

Clay 

Limestone 

Marl  and  clay 

Sand - - 

Sand  rock  _ 

No.  242.  Record  to  78  feet:  Sand,  with  water,  38  feet;  day,  no  water,  20  fe 
shale  and  clay,  no  water,  40  feet.  Water  was  also  obtained  at  172  feet  from  a  I 
of  sand  \\  feet  thick.    It  rose  to  -f-l  foot. 
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SPRINGS. 

The  springs  of  Florida  are  not  only  exceedingly  numerous,  but  are 
of  great  volume,  in  this  respect  probably  equaling  if  not  exceeding 
any  in  the  country.  The  results  of  measurements  made  by  B.  M. 
M  on  a  number  of  important  springs  are  given  on  pages  274  to  275. 
The  fact  that  the  larger  of  the  spring  streams  are  navigable  even  to 
their  heads  serves  to  emphasize  their  size.  The  springs  of  greatest 
volnme  ocour  along  the  Eocene  ridge  and  in  the  Miocene  belt«  near 
the  coast.  They  are  of  great  importance  because  of  the  pure- water 
sapplies  which  they  furnish  and  the  many  advantages  they  offer  as 
pleasure  resorts. 

The  more  important  details  of  a  large  number  of  springs  are  brought 
together  in  accompanying  tables  and  notes. 
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dt  in  Florida — Ccmidnned. 


ii0(llffiir«8 
fttegaUons 
minnte). 

Ifaterial  from  which 
spring  iasoce. 

Uses. 

Remarks. 

No. 

(See  note) 

*8i 

Rock 

Bathing 

Bathhouses , 

35 

f ._ 

liimestone 

Irrigation 

«9I 

#  ---------- 

lo..      

8#tm1 

None 

3-foot  stream,  6  inches 
deep. 

Medicinal  properties 
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*W 

'\Knn^ 
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note). 
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NOTES  ON  SPRINGS  OF  FLORIDA. 

No.  3.  Analysis  of  public  supply  by  H.  Herzog,  jr.,  1898: 

Analysis  of  water  from  spring  at  Gainesville,  Fla, 

[Parts  per  million.] 

Total  solids . 7« 

Organic  matter 2 

Oxygen  required  to  oxidize  organic  matter 1 

Albun^inoid  ammonia - 

Free  ammonia - - 

Nitrates Tr 

Nitrites N 

Alkaline  chlorides  (chlorine  4.08) 8 

Silica - -  - 5 

Alumina 3 

Calcium  carbonate 34 

Magnesium  carbonate 21 

Sulphuric  acid _ N 

The  spring  ^jushes  from  a  bed  of  rock  a  few  feet  below  the  general  level  of 
region.  The  main  spring  is  probably  between  6  and  8  inches  in  diameter 
flows  with  considerable  velocity.  In  the  adjacent  portions  of  the  ravine  are  c 
smaller  springs.  The  water  is  pumped  by  two  powerful  engines  into  8-inch  w 
mains,  which  distribute  it  to  nearly  all  parts  of  the  city.  Another  large  spri: 
located  in  the  southwestern  portion  of  the  town,  giving  water  of  the  same  qn 
as  the  Boulware  Spring. 

No.  4.  Following  are  analyses  of  the  waters  of  the  three  springs  at  Hawtl 
Fla.,by  W.  Dickoie: 

Analysis  of  tauter  from  the  Iron  Spring  at  Hawthorn^  Fki. 

[PartH  i)cr  million.] 

Solid  matter .    _ 

Organic  matter  and  loss  in  ignition T 

Inorganic  nonvolatile .   

The  iron  was  originally  present  as  ferrous  carlx)nate,  which  oxidizes  by  t 
sure  to  air  and  drops  as  ferric  hydrate.  In  the  solution  are  left  traces  of  aluu 
ferrous  oxide,  potassium,  sodium,  some  calcium,  magnesium  as  the  predomi 
metal,  and  some  orgaiiii*  matter.  These  metals  are  in  combination  with  chl< 
and  carbonic  acid.  The  reaction  of  the  water  is  slightly  acid  (from  carl 
acid),  but  after  boiling  turns  alkaline,  indicating  the  presence  of  carlwnate  < 
alkali  (sotla)  and  that  calcium  and  magnesium  are  partly  i)resent  as  bicarlx)n 
which  precipitate  partly  on  boiling. 

Aiutlysis  of  water  from  the  Snl2)hur  Sjjring  at  Haicthorn^  Fl(t, 

[Parts  por  million.] 

Total  solid  matter  . , .      .   .    

Organic  matter  and  hiss  in  ignition 


Total  inorganic .       .         . .    

'  The  sulphuretted  hydrogen  in  sample  had  already  evaporated.  Reaction, 
turns  alkaline  after  the  free  carbonic  acid  is  driven  out.  Contains  alkaline 
bonates,  calcium  (predominant),  magnesium  (little),  potassium,  sodium,  t 
of  iron  and  alumina.  S(mie  of  the  calcium  is  presmt  as  carbonate,  simie  as 
ride  or  nitrate.  The  acids  in  combination  with  the  metals  are  carlxmic, 
rine,  nitric,  sulphuric  (triice).  and  silicic. 
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Analysis  of  water  from  the  Magnesia  Spring  at  Hawthorn^  Fla, 

[Parts  per  million.] 

Total  solid  matter 241.5 

Organic  matter  and  loss  in  ignition _ 42. 7 

Inorganic  nonvolatile _ 198. 8 

2k[agD6Binm  bicarbonate -. 33. 6 

Oalci|}m  bicarbonate .  110. 1 

Sodinm  bicarbonate ... 12.6 

liagnesium  chloride 16. 2 

Sodhmi  chloride 14. 0 

Potaasinm  chloride .8 

Liithimn  chloride - Trace. 

Ammoninm  chloride Trace. 

Slica .. 7.7 

Phosphates  and  sulphates Trace. 

Total 195.0 

No.  6.  Analysis  reported  by  owner  (analyst  unknown). 

Analysis  of  water  fr inn  Spring  No.  1,  at  Starke,  Fla, 

[PartH  i>er  million.] 

Sodiom  chloride 35. 6 

Sodium  carbonate 6.8 

Potassium  carbonate 3. 4 

Potassium  sulphate 2.9 

Calcium  carbonate 87. 7 

Magnesium  carbonate _ 3. 4 

Ferrous  carbonate _ 5.6 

Silica _ 25.9 

Kitrogen  (by  permanganate) 3.4 

Total.--- - .   .  174.8 

Gases:  Oxygen  and  carbon  dioxide. 

No.  7.  There  are  a  number  of  other  smaller  .springs  along  the  stream  which  flows 
into  Leckie  Lake,  while  at  the  mouth  of  the  '*  spring  branch  "  at  low  water  may 
be  seen  a  stream  6  inches  in  diameter  and  probably  yielding  500  gallons  per  min- 
ute welling^  up  from  the  bottom.  Several  other  large  springs  are  located  in  the 
southern  part  of  Calhoun  County. 

No.  8.  Several  springs,  some  of  which  are  100  feet  in  diameter  and  transparent 
a  depth  of  70  feet,  are  locatt'd  at  the  headwaters  of  Crystal  River.  The  stream 
is  perfectly  sweet  and  clear  until  a  stronj^  salt  stream  outers  it  4  miles  below  its 
source. 

No.  0.  The  water  emerges  Jis  a  stream  about  the  size  of  a  barrel.  The  water  is 
quite  strongly  mineral,  a  whitisli  scum  forming  when  it  is  allowed  to  stand.  The 
large  hotel  near  the  sx)ring  was  burned  in  11)00. 

The  springs  are  locat(td  on  the  west  bank  of  the  St.  Johns  River  and  are  about 
6  feet  above  high-water  level.  The  water  issues  from  a  nearly  vertical  orifice, 
which  has  been  sounded  t«)  a  de])th  of  18  feet,  at  which  point  it  makes  a  l)end  to 
the  southward.  Artesian  wells  in  tlie  vicinity  get  flowing  sulphur  wati^r  from  a 
depth  of  500  to  600  feet.     The  spring  wat- r  is  much  purer. 

No.  10.  The  supply  of  the  American  fleet  off  Havana  in  18U8  was  obtained  from 
this  spring. 
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No.  12.  This  spring  is  reported  to  have  once  afforded  the  water  supply  for  the 
army  of  General  Jackson.  There  are  many  other  strong  springs  in  the  same 
connty,  the  water  being  nsnally  clear  and  soft.  The  water  of  Jackson  Spring  is 
onnsnally  free  from  mineral  matter. 

No.  13.  This  is  really  a  group  of  springs,  the  streams  from  which  nnite  a  short 
distance  below. 

No.  15.  Analysis  by  N.  A.  Pratt: 

Analysis  of  water  of  spring  at  White  Springs,  Fla. 

[Parts  per  million.] 

Total  soUds ..._ - 188.0 

Sulphuric  acid 17.02 

Chlorine-- 12.34 

Lime 44.00 

Magnesia - 8.51 

Organic  matter  1 '. •--..  21.32 

Phosphoric  acid,  with  oxide  of  iron,  trace  silicic  acid  (soluble) 14.40 

Potash - - 7.13 

Soda 18.20 

Carbonic  acid - 44. 18 

(In  addition,  the  water  contains  free  gases,  viz:  Hydrogen  sulphide,  car- 
bonic acid,  oxygen,  nitrogen.  The  constituents,  as  per  analysis,  are  prob- 
ably combined  as  follows:) 

Potassium  chloride  .  _ 11.32 

Sodium  chloride 11.23 

Organic  matter 21.32 

Magnesium  sulphate _ 25. 53 

Sodium  carbonate - 20.91 

Calcium  carbonate  or  bicarbonate .  . .  80. 50 

Ferrous  oxide  (phosphoric  acid,  trace) 1.4^ 

Silicic  acid  (soluble) 14. 40 

No.  17.  An  iron  spring  is  situated  about  150  yards  from  the  sulphur  spriugi 
and,  like  the  latter,  occurs  below  high- water  mark.  Several  other  springs  are 
also  located  within  a  distance  of  half  a  mile,  all  of  which  are  below  higb-titl^ 
level.    None  of  them  give  as  large  a  flow  as  the  Tucker  spring. 

No.  19.  Located  at  Sulphur  Springs,  5^  miles  north  of  Tampa.  Analysis 
reported  by  owner  (analyst  unknown): 

Analysis  of  water  of  spring  at  Tampa^  Fla. 

[E^arte  per  million.] 

Ferrous  carbonate 01 .  81^ 

Calcium  sulphate  _ 363.  .53( 

Calcium  carbonate 130. 2:K 

Magnesium  chloride  . 1 22. 8(H 

Potassium  chloride _ 26. 82 

Sodium  chloride -. .     . 1,608.04( 

Silica - ..  53.20 

No.  20.  There  are  three  springs,  located  about  10  feet  apart,  one  sulphur,  one 
iron,  and  one  freestone.  The  one  containing  the  sulphur  is  the  largest,  the  voluun 
being  equal  to  a  stream  of  6  by  8  inches  in  cross  section.  The  volume  of  the  othei 
springs  is  equal  to  streams  about  3  by  3  inches  in  cross  section.  A  light  yellowisl 
deposit  forms  about  the  sulphur  spring,  and  a  reildish  brown  about  the  iroi 
spring. 
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No.  26. — ^Tbere  are  thirty  or  forty  different  springs  in  the  region  at  the  head  of 
tile  Wadflsa  River.  The  springs  are  of  various  types  of  water,  bnt  limeHtone  and 
sulphur  springs  predominate.  The  stream  is  said  to  l)e  one-eighth  of  a  mile  wide 
and  abont  8  feet  deep  at  the  head  springs.  The  rock  from  which  the  springs 
come  seems  to  be  rotten  limestone.  Some  of  the  springs  are  located  in  inaccessible 
swamps. 

No.  28.  There  are  a  dozen  different  springs  in  sections  I  and  12,  the  water  being 
both  solphnr  and  freestone.  They  form  a  small  stream  called  Little  River,  deep 
enough  to  run  small  boats  to  the  head. 

No.  31.  Located  in  Marion  County,  7  miles  northwest  of  Astor  Park,  Lake 
Coonty.  The  spring  is  of  the  same  general  character  as  Silver  Springs,  but  is 
softer  and  of  less  volume.  The  stream  leading  from  the  spring  is  navigable  for 
boats  drawing  not  more  than  ^  feet  up  to  within  2  miles  of  the  spring. 

No.  33.  There  are  a  number  of  other  large  springs  in  the  vicinity.  Among 
these  is  the  double  spring  known  as  Harringt4>n  Springs,  located  1  mile  cast  of 
Clay  Springs;  Hoosier,  Palm,  and  Shepherds  springs,  5  miles  east;  Rock  Spring,  5 
miles  northwest.  The  waters  of  all  but  the  last  are  similar  to  that  of  Clay  Spring, 
giving  no  taste  of  sulphur. 

No.  34.  Three  miles  from  town  are  the  large  Apoi)ka  Springs,  which  rise  from 
the  bottom  of  a  lake  a  short  distance  from  the  shore.  At  this  point  the  water  is 
abont  40  feet  deep  and  over  it  the  surface  exhibits  a  swelling  due  to  the  rise  of 
the  waters  of  the  spring.    The  water  is  slightly  8uli)hur,  but  very  clear. 

In  the  northern  part  of  T.  21  S.,  R.  20  E.,  there  are  two  streams  rising  as  from 
different  springs,  one  of  which  gives  sulphur  water  and  tlie  other  sweet  water. 
These  streams  flow  for  miles  along  lines  parallel  to  one  another,  sometimes  coming 
within  a  few  feet  of  each  other,  but  never  uniting.    They  are  known  as  Double  Run. 

No.  36.  Three  sulphur  springs,  one  of  which  is  quite  large,  are  located  within  a 
I*  mile  of  the  Crane  Spring.  Besides  the  sulphur  the  water  is  thought  to  contain 
sodium,  potassium,  and  magnesium  in  considerable  quantities. 

No.  39.  Analysis  by  C.  M.  Stillwell,  1H8(): 

Analysis  of  water  of  sjtring  at  Enterjirisc,  Fla, 

[Parts  j)cr  milliou.] 

SQica _ 27.0 

Iron  and  aluminum  oxides . 7.0 

Potassium  sulphate  ...   41.7 

Sodinm  sulphate. .    . 90. 7 

Jlag^efdum  sulphate .-    4.">s.9 

Calcium  chloride 60;3. 9 

Magnesium  chloride _ ^OJJ.T) 

Sodinm  chloride _.         .   . 4,07:5.9 

Sodium  bicarbonate . 01.7 

Calcium  bicarbonate -.  108.8 

Magnesium  bicarbonate          .   .   _   .. 152.2 

Phosphoric  acid . . A  trace. 

Hydrogen  sulphide -  Not  estimated. 

Total - .5,988.9 

No.  40.  This  spring  is  118  feet  deep  and  covers  an  area  of  about  4  acres,  form- 
ing a  river  sufficiently  deep  and  broad  to  navigate  large  boats.  It  is  1 0  miles  from 
the  Gulf  coast.  Other  notable  springs  in  the  coimty  are  the  Sulphur  Springs  on 
the  St.  Marks  River,  3  miles  above  tlie  town  of  the  same  name.     Hotels  and  batlis 
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have  been  built  at  this  spring,  the  waters  of  which  are  considered  to  posses 
valuable  medicinal  properties. 

No.  41.  There  are  three  springs  on  the  property  of  4,000  acres,  about  one-half  a 
mile  apart  and  all  of  the  same  character.  Newport  was  a  thriving  watering 
place  before  the  war,  bnt  is  less  popnlar  at  the  present  time.  The  flow  from  the 
springs  is  qnite  large  and  was  formerly  used  to  ran  grist  and  saw  mills. 

No.  42.  There  are  9  springs,  all  different,  at  this  point. 

Analysis  by  V.  Coblentz,  1898: 

Analysis  of  water  of  springs  at  Panada ,  Fla, 

[Parts  per  million.] 


Sodium  Chloride 

Magnesium  chloride 

Calcium  chloride 

Potassium  chloride 

Sodium  sulphate 

Magnesium  sulphate 

Calcium  sulphate 

Calcium  carbonate 

Ferrous  carbonate 

Magnesium  carbonate 

Silica  (SiO,) 

Alumina . 

Organic  matter,  loss  on  ignition 

Total        - 


Spring  A. 


143.7 
75.9 
54.9 

850.1 
15.1 
18.0 
15.2 
Trace. 
54.9 


Sprinf  B. 


404.6  , 

257.9  i 

14.9  i 

I 

93.3 
48.0  ' 
64.5 
6.5 
113.8 
11.5 


5.9 
3.5 
Trace. 


3,387.5  1,024.5 


No.  43.  The  large  De  Funiak  Hprings  are  l<)cate<i  in  the  center  of  the  town. 
They  emerge  in  a  circular  lake  80  feet  deep. 


MEASUREMENT   OF   SPRINGS   OF   FLORIDA. 

By  B.  M.  Hall. 

No  State  in  tlu^  Union  has  larp:er  or  more  numerous  springs  ths*-^ 
Florida.  Many  of  them  form  stronir  streams  from  the  start,  and  sou* 
of  them,  like  Silver  Spring,  are  navigable  for  small  craft,  or  even  steai*' 
boats.  In  the  following  notes  the  results  of  a  number  of  measure 
ments  of  the  discharge  of  some  of  the  larger  springs  are  given.  Tl^ 
ilows  were  determined  during  a  dry  period  and  are  much  smaller  tha  ^^ 
those  of  seasons  of  ordinary  rainfall. 

Silver  Spring. — Silver  Spring  is  located  is  Marion  County,  about  ^ 
miles  east  of  Ocala,  and  is  the  source  of  the  Oclawaha  River,  a  tribu- 
tary of  the  St.  Johns.  Steamboats  come  up  the  Oclawaha  and  intc 
the  spring.  The  water  is  from  25  to  30  feet  in  depth,  and  is  probabl> 
as  clear  as  any  fresh  water  in  the  world,  appearing  absolutely  color- 
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B  to  the  eye.  There  are  no  local  small  streams  in  the  r^on,  the 
infall  going  immediately  into  the  sandy  soil  of  the  plateau,  and, 
iW  filtering  throogh  miles  of  sand,  apjiearing  sh  the  large  springs  of 
i  r^on.     Silver  Spring  is  several  acres  in  area,  the  water  boiling 

from  nomeroQB  crevices  in  the  white  limestone  bottom.  The  tem- 
rature  is  72°,  and  the  water  tastes  only  slightly  of  limestone.  The 
1th  of  the  outlet  is  60  feet,  the  depth  10  to  14  feet,  the  area  of  the 
188  secition  665  square  feet,  the  mean  velocity  l,S3i  and  the  dis- 
uge  822  cnbic  feet  per  second. 

Wekiva  Blue  Spring. — This  spring  is  located  near  Juliette,  Marion 
nnty.  It  has  the  same  general  charac(«risti(!B  as  Silver  Spring  and 
leharges  778  cnbic  feet  per  second.  It  flows  into  the  Withlacoochee 
Ter  and  drains  to  the  west  coast. 

lehaiiicknee  Spring. — This  spring  is  i  miles  west  of  Fort  White,  in 
Anmbis  Ck)iinty,  and  has  a  discharge  of  403  cubic  feet  per  second, 
le  water  of  the  spring  has  a  decided  amber  color,  pnibably  dne  to 
irface  swamp  drainage  coming  into  it.  The  springs  drain  into  the 
iwanee  River,  which,  in  fact,  is  fed  principally  by  large  springs. 

Eiaaengen  Spring. — This  spring  is  located  near  Bartow,  on  the 
W»  River,  Pollt  Connty.  It  is  smaller  than  those  du»cribed  above, 
aring  a  flow  of  only  31  cnbic  feet  per  second,  or  14,000  gallons  per 
linate;  but  it  is  notable  because  of  its  peculiar  origin,  being  really 
I  nrt  of  natural  artesian  well.  The  water  issues  with  great  force 
hm  a  circular  orifice  in  the  bottom  of  a  basin  30  feet  in  depth  and 
ISO  feet  in  diameter.  The  surface  of  the  water  directly  over  the  ptiint 
d(  emergence  is  notioeably  higher  than  at  the  shores.  The  water  has 
itcmperature  of  7(1°,  and  is  strongly  impregnated  with  sulphur,  iron, 
ud  other  minerals,  such  as  characterize  artesian  waters  in  the  same 


ALABAMA. 


By  E.  A.  Smith. 


The  surface  of  Alabama  may  be  divided  geologically  into  four 
rather  distinct  districts:  (1)  The  triangular  area  of  crystalline  rocks 
entering  from  Georgia,  north  of  Columbus,  and  extending  to  the 
center  of  the  State;  (2)  the  belt  of  strongly  folded  and  frequently 
more  or  less  metamorphic  slates,  sandstiones,  limestones,  etc.,  extend- 
ing from  the  northeast  corner  of  the  St^te  southwestwartl  beyond 
Birmingham;  (3)  the  broad  area  of  gently  folded  Carboniferous  rocks 
occupying  that  portion  of  the  State  lying  northwest  of  the  second 
belt,  and  (4)  the  clays,  sands,  and  limestones  of  Cretaceous,  Tertiar)', 
and  Quaternary  age  in  the  southern  half  of  the  State. 

WEIiliS. 

The  rocks  in  the  crystalline  area  are  of  close  texture  and  are  not  ' 
adapted  to  the  absorption  and  storage  of  water,  except  in  their  weath- 
ered upper  parts.  These  disintegrated  portions  contain  ample  sup- 
plies of  water,  which  are  generally  obtained  by  shallow  wells.  Deeper 
wells  sometimes  obtain  considerable  quantities  within  100  to  300  feet 
of  the  surfac(\  but  the  waters  rarely  if  ever  flow. 

The  rocks  of  tlu^  strongly  folded  belt,  especially  the  sandstones 
and  limestones,  sometimes  absorb  considerable  amounts  of  water,  but 
do  not  geiKM'ully  furnish  satisfactory  well  supplies.  From  the  less 
strongly  folded  C-arbouiferous  rocks  a  considerable  number  of  wells 
obtain  water  that  rises  nearly  or  ([uite  to  the  surface,  but  rarely 
overflows. 

In  the  Coastal  Plain  area  shallow-well  supplies  can  be  obtained  from 
the  yellow  sands,  gravels,  etc.,  of  the  Lafayett-e  formation,  which 
covers  nearly  the  entire  surface,  while  wells  of  moderate  depth,  many 
of  them  flowing,  are  obtained  in  the  underlying  Grand  Gulf  beds,  in 
the  southern  counties  of  the  State,  at  depths  ranging  from  100  to  4()0 
feet.     The  Cretaceous  and  Tertiary  rocks,  which,  beginning  at  the 
southern  limits  of  the  area  of  crystalline^,  folded,  or  Carboniferous 
rocks,  dip  gently  southward  and  pass  under  the  Grand  Gulf  beds,  in 
the  southern  portion  of  the  State,  yield  flowing  wells  at  many  points, 
especially  where  the  wells  reach  the  prevailingly  sandy  Tuscaloosft 
and  Eutaw  beds,  near  the  base  of  the  Cretaceous.     These  beds  lie  at 
great  depths  in  the  southern  portion  of  the  State,  and  are,  therefore, 
not  readily  available  for  supplies.     Wat<}r,  however,  nmy  be  obtained 
from  the  Xanafaiia,  Ilatchetigbee,  and  Claiborne  formations  of  the 
Tertiary.     These  waters  have  not  yet  been  extensively  developed, 
276 


ni.1  ALABAMA.  277 

t  the  extent  to  which  they  have  been  used  in  Mississippi  shows 
nr  jXMsibilities  in  Alabama. 

NOTES  ON  WELLS  OF  ALABAMA  BY  CX)nNTIES. 

BARBOUR  COUNTY. 

Clayton. — Six  miles  northwest  of  Clayton  a  well  was  bored  by  W. 
Morrison  in  1899,  on  the  Jennings  Fryer  place,  for  the  Comer-Bishop 
Kmpany.  Materials  x>enetrated:  Soil,  30  feet;  marl,  90  feet;  sand, 
lih  layers  of  very  hard  shell  rock  from  4  inches  to  4  feet  in  thick- 
MB,  57  feet.    Water  stands  at  —80  feet. 

Cowikee  Creek. — At  Cowikee  Creek,  near  Glen ville,  Russell  Coanty, 
well  was  bored  by  W.  F.  Morrison  in  1899  for  the  Comer-Bishop  Com- 
ply. Record:  Clay,  0  to  8  feet;  coarse  gravel,  8  to  18  feet;  marl,  18 
1 894  feet;  shell  rock  at  294  feet;  water-bearing  sand,  294  to  314  feet. 
Fator  stands  at  —9  feet. 

Eufaula. — City  waterworks  well,  located  under  bluff  on  west  bank 
t  Chattahoochee  River,  110  feet  below  city.  Elevation,  200  feet. 
Veil  passed  through  marl  with  several  horizons  of  soft  rock  to  water- 

Ering  sands  at  400  feet;  hard  rock  below  the  water-bearing  sands, 
of  easing,  4  inches.    Flows  5|  gallons  per  minute.     Pumped  into 
city  by  ram.    Temperature,  68°. 
The  Enfaula  Oil  and  Gin  Company'  bored  a  well  at  Eufaula  in  1895. 

trad:  Top  soil  and  sand,  30  feet;  marl,  380  feet;  soft  sandstone,  1 
;  cavity  with  a  little  water,  8  feet;  more  water  in  fine  white  sand 
tt  intervals  to  950  feet.  Water  level  was  —26  feet  at  first,  but  is  now 
-*50feet.  Pumi>s  6  gallons  per  minute.  Casing  to  300  feet  with  6 
ifid  4  inch  pipe.  Temperature,  68°^  Supply  insufficient.  Well  not 
Med  at  present. 

One  mile  southwest  of  Eufaula  a  well  was  bored  in  1000,  at  R.  Moul- 
Huop's  brickyard,  by  Eugene  Thompson.  Record:  Soil,  20  feet; 
fcarl,  330  feet;  sand  beyond,  350  feet.  Flows  6  gallons  per  minute. 
Cased  to  marl  with  4-inch  pipo.  Temperature,  08^.  Tastes  of  sul- 
phur. 

Harris. — Well  of  C.  H.  Bishop,  bored  in  1900  by  W.  L.  Morrison. 
Beeord:  Mixed  clay  and  sand,  0  to  13  feet;  compact  marl,  13  to  103 
bet;  hard  shell  rock,  103  to  105  feet;  marl,  105  to  110  feet;  rock,  110 
to  112  feet;  water-bearing  sand,  112  to  115  feet;  marl  with  layers  of 
ihellrock  2  to  8  inches  in  thickness,  115  to  140  feet;  very  hard  marl, 
140  feet  to  bottom  at  183  feet.  Water  rises  to  —10  feet,  but  can  be 
pamped  down  to  120  feet;  yields  0  gallons  per  minute.  Casing  4^ 
inches. 

Well  bored  by  W.  L.  Morrison,  1899,  at  15.  1>.  Comer's  residence. 
Beeord:  Clay,  0  to  4  feet;  coarse  s^ind,  4  to  20  feet;  blue  marl,  20  to 
ISOfeet;  shell  rock,  120  to  120i  feet;  sand,  120i  to  130  feet;  soft  rock, 
130  to  133  feet;  white  sand  with  i^lenty  of  water,  133  to  153  feet. 
(Tater  carries  a  whitish  sediment,  which  never  settles.  An  analysis 
ihowed  presence  of  FcgSOj.    Not  fit  to  drink.    Water  rose  to  —48 


278 


HYDROLOGY   OF   EASTERN   UNITED  STATES,  1903.         [wo 


feet.  This  water  was  eased  off  and  the  boring  continued  thro 
soft  shell  and  hard  marly  sand  153  to  320  feet,  blue  niarl  220  to 
feet,  hard  blue  sand  550  to  GOO  feet,  marly  sand  and  shell  rock  al 
nating  600  to  bottom  at  780  feet.     No  more  water  obtained. 

A  well,  owner  not  stated,  was  reported  by  W.  L.  Morrison  in  1^ 
Depth,  780  feet;  diameter,  3  inches.  A  plentiful  supply  of  wj 
was  obtained  at  140  feet,  but  it  had  a  milky  appearance  and  ' 
objectionable  for  drinking  purposes.  Water  rose  to  +15  feet.  Fi 
400  to  000  feet  the  material  passed  through  was  almost  entirely  ir 
of  a  waxy  character.  From  GOO  to  780  feet  there  was  a  successioi 
marl,  shell  rock,  and  sand,  with  quicksand  below  700  feet.  Ali 
doned  at  780  feet. 

SpringhilL — A  well  600  feet  deep  was  bored  at  Springhill  by  W 
Morrison.     The  water  stands  at  —18  feet. 

BLOUNT  COUNTY. 

Reeds  Gap, — The  following  record  of  a  6-inch  well,  sunk  at  lU 
Gap  in  1888,  is  furnished  by  Col.  J.  A.  Montgomery.     The  well 
bored  for  oil  and  gas.     Some  gas,  tar,  and  oil  were  found  at  660 
and  large  quantities  of  gas  near  l)ottom.     The  well  was  plugged 
abandoned. 

Record  of  well  at  Reeds  Oap^  Ala, 


Saudstono 
Shale 


Chertv  limestone 
Chert 


Cherty  liiiieatone 

Dark-green  shales 

Black  shales 

Green  shales  . 

Sandstone 

Red  ore  (limy)    

Limestone 

Red  ore  (good ) 

Red  ore  (limy)  .   

Limestone . 

Red  ore  (limy)  . . 

Greenish  shales 

Red  ore  (limy) 

Shales  and  limest^me .  _ 
Cherty  rock  to  })ottom 


Thickness. 


Feet. 


80 

145 

UO 

45 

1(>5 

10 

45 

10 

20 

15 

15 

5 


5 


15 
10 
40 
15 


725 


425 


Tc 
«1»?] 


Fr 
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BULLOCK  COUNTY. 

ghalL — ^A  well  was  drilled  at  this  place  to  a  depth  of  920  feet, 
¥hs  unsucoessful.  No  deep  water  is  obtained  in  the  soathem 
on  of  the  county  soath  or  southeast  of  XTnion  Springs. 
^.zpcUrick. — ^Two  6-inch  wells,  one  9(X)  feet  and  one  1,300  feet  deep, 
lich  the  water  rises  within  30  feet  of  the  surface,  are  reported  at 
>laee. 

tiow  Springs, — Two  wells,  bored  by  D.  A.  C-aylor  in  1894  and 
are  reported  as  belonging  to  the  city  waterworks.  Total  depth, 
eet.  An  8-inch  casing  was  used  for  the  entire  depth.  Water 
'ound  at  843  and  848  feet  and  stands  at  —238  feet.  Pumps  hav- 
;  capacity  of  140  gallons  per  minute  raise  the  water  into  the 
voir.  Temperature,  76°.  Record:  Soil,  0  to  10  feet;  marl,  with 
of  other  material  as  indicated  below,  16  to  848  feet: 

Record  of  well  at  Union  Springs,  Ala, 


Thick- 
neas. 

Inchfn 

Depth. 

Feet. 

1 

i              498 

r 

1 

501 

•ock 

i 

48 
12 

520 

\ 

537 

sand 

539 

i 



12  1 

4 

551 

1 

560 

ftand 

565 

f             •"> 

572 

: 

584 

* 

;^5 

4H 

600 

625 

12 

630 

12 

637 

ian<l  and  small  stream  of  water .      .  _ 

1 

640 

:^o 

643 

:m 

652 

rock 

' 

36 

660 

667 

18 

671 

stream  of  water 

673 

1          18 

675 

' 

:^o 

24 

682 

685 

stream  of  water 

.J..*.  ...  - 

667 
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Record  oftvell  at  Union  Springs,  Ala. — Continned. 


Rock. 
Stone 

Rock- 


{ 


Thick- 
neR8. 


InchrH. 
44 


70 


Dept 


Ffrl 


10 
12 
18 
24 
18 


Water 
Rock.. 


Grinding  stone 
Rock... 


6 
10 
12 


Water 

Rock 

Grinding  stone 

Roc^k 


Flint 


{; 


12 
10 

6 
15 
12 

8 


Hardpan  and  water 
Flint   . 
Wat^T-beariiig  bod 


18 


84: 


A  well  owned  l)y  D.  Patterson  is  report e<l  to  liave  been  drille 
a  (b'pth  of  o^)!)  feet,  in  the  northwestern  portion  of  tlie  county, 
good  results.     Anotlnu*  W(dl  in  the  northeast<M*n  portion  of  the  eoi 
is  reported  to  b<^  TTyO  feet  deep  and  to  Inive  Ix^en  successful. 

Kl'TLEH   COITNTY. 

(h'cc/trillr. — Two  veils  owned  by  the  American  l*ijx^  Company 
liaviuii:  a  deptli  of  about   4(K)  feet  are  report<Ml.     The  flow  is  10(» 
Ions  per  minute.     ('as(Ml  to  lMS  feet  with   U)  and  S  inch  pipe, 
well  peiuit  rated  sandy  marl,  conglonuM'ate  bowlders  cemented  hv  1 
and  liard,  seamy  sandstone.     Analysis  shows  the  water  to  carry 
siderable  magnesium  carl)onate  and  some  organic  matter.     8e\ 
oth(M-  priyat(»  wells  and  a  dcM^p  public  well  are   report<»d  from 
phice. 

CALHOUN   COITNTV. 

Annistofi. — Well  No.    1   at   tlie  (diarcoal    furnaces   is   8   inche 
diameter  and  2G0  feet  deei).     1'^^^  water  rises  to  witliin  4  feet  of 


BHiTiL]  ALABAMA.  281 

suTface.  Capacity  was  not  determined,  but  seems  to  have  been  sev- 
eral gallons  per  minate.  The  well  was  abandoned  because  of  the  loss 
of  tools. 

Well  No.  2  at  the  charcoal  furnaces  was  drilled  about  1886  by 
Charles  Morgan.  The  diameter  of  the  well  is  6f  inches  and  the  depth 
is  558  feet.  Water  was  found  at  550  feet  and  rose  to  within  4  feet  of 
the  surface.  The  well  struck  decomposed  Cambrian  limestone  at  32 
feet,  in  which  it  continued  all  the  way,  except  for  8  feet  of  porous 
sandstone  at  the  bottom.  The  well  is  located  about  40  feet  from  No. 
1,  on  ground  about  30  feet  lower  than  the  waterworks  well.  The 
limestone  is  thicker  at  the  furnaces.  While  drilling  in  the  limestone 
the  water  level  in  No.  1  was  affected,  but  on  completion  the  limestone 
was  cased  off.  A  pump  delivering  a  solid  5-inch  stream  did  not 
diminish  the  supply  after  a  24-hour  test. 

A  well  was  drilled  at  the  coke  furnace  in  1899.  Diameter,  10  inches; 
depth,  480  feet.  Water  stands  at  —80  feet.  This  well  was  begun  at 
the  bottom  of  a  shaft  which  was  sunk  126  feet  through  yellow  clay, 
10  feet  through  shale,  and  344  feet  into  limestone.  The  flow  of  water 
into  the  shaft  from  the  well  was  determined  by  measurement  to  vary 
from  1,200  to  1,900  gallons  per  minute.  When  drawing  1,800  gallons 
per  minute  the  pumps  held  the  level  constantly  at  5  feet  below  the 
bottom  of  the  shaft. 

City  waterworks  well.  Diameter,  8  inches.  Depth,  310  feet.  Water 
at  from  280  to  310  feet.  Rises  to  within  30  feet  of  the  surface.  Capac- 
ity under  pump,  1,000  gallons  per  minute  without  lowering.  Quality, 
good.  Temperature,  60*".  The  well  is  supposed  to  be  entirely  in 
Cambrian  rocks.  This  well  was  started  at  the  bottom  of  a  shaft  120 
feet  deep.  From  the  surface  tlio  materials  were:  Soil,  a  few  inches; 
yellow  clay,  4  feet;  coarse  gravel,  3(>  feet;  limestone,  som<»what  decom- 
posed and  interspersed  with  numerous  seams  and  jointed  nuisses,  240 
feet;  flint,  2  inches;  sandstone,  at  first  coarse  grained,  but  becoming 
gradually  porous,  30  feet. 

(  HOCTAW    COUNTY. 

Bladon  Springs  {CidUnn  Springs). — A  well  1,300  feet  deep  was 
drilled  at  this  place  for  oil.  Water  was  encountered  at  200  feet  and 
again  at  600  feet,  and  will  rise  70  feet  above  the  surface.  It  is  very 
salty. 

Butter, — A  well  GOO  feet  <l(*ep,  witli  water  rising  to  —30  feet,  is 
reported.     Temperature,  77    F. 

COFFEE    rOUNTV. 

Brockton. — One  mile  soutli  of  liroekton,  at  Henderson  &  Boyd's 
sawmill,  is  a  deep  well,  bored  ])y  Mr.  Van  Vleet.  The  water  rises  to 
-150  feet. 
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Elba, — A  public  well  was  bored  at  the  court-house  in  1899  by  W.  L. 
Morrison.  Obtained  a  flow  of  2  j  gallons  per  minute  at  a  depth  of  150 
feet.  The  water  level  now  stands  just  at  the  surface.  Temperature, 
68°.  Materials  penetrated  were:  Yellow  clay,  2  feet;  coarse  yellow 
sand,  10  feet;  blue  compact  marl,  42  feet;  hard  lignitic  material,  40 
feet;  blue  marl,  30  feet;  sand  and  lignite  to  bottom  at  150  feet.  Other 
deep  wells  have  been  sunk  by  the  same  driller  in  this  locality. 

Four  miles  west  of  Elba  a  well  was  bored  by  W.  L.  Morrison  in  1899 
on  an  elevation  about  112  feet  above  town.  It  passed  through  red 
clay,  0  to  8  feet;  coarse  yellow  sand,  8  to  30  feet;  hard  black  rock,  30 
to  35  feet;  coarse  yellow  sand,  35  to  70  feet;  shell  rock,  70  to  72  feet; 
marl,  72  to  250  feet;  hard  rock  and  sand,  250  to  312  feet.  Water  rises 
to  —40  feet,  an  unlimited  supply  being  obtained  by  the  use  of  pumps- 
Tastes  of  alum. 

The  following  wells  were  driven  at  Elba  in  1899  and  1900:  CJouutiy 
jail;  N.  W.  Wright,  William  Rushing,  John  Rushing,  Judge  S.  IVl- 
Rushing,  D.  C.  Collins,  King  &  Simmons;  public  school;  Raynof^® 
livery  stable.  Eight  more  wells  were  drilled  in  1901,  each  new  w^^^ 
lessening  the  flow  of  the  others.  The  John  Rushing  well  struck  a  Ic^^ 
at  48  feet.  The  S.  M.  Rushing  well  yields  3  gallons  per  minute;  tl^*^^ 
public  school  well  less  than  1  gallon  per  minute. 

Enterprise, — Following  is  the  record  of  a  well  drilled  at  Enterpris^^ 

Record  of  well  at  Enterprise,  Ala, 


Clay  and  sand 

Chalk  rock 

Sand 

Marl  rock 

Bluish  mud 

Gray  rock 

Yellow  mud 

Black  sand 

Rock 

Black  mud 

Rock  (marl  rock) 
Blue  mud  (marl) 
Hard  flinty  rock  . 
Blue  mud  (marl)  . 
Coarse  yellow  sand 
Blue  mud  (marl) . . 
Sand  (water) 


Thickne«fl 


Total 
depth. 


Feet. 


70 
1 

14 
4 

68 
8 

47 
3 
2 


At 


2 
42 

2 
46 

6 
28 
32 


Feet. 


211 

ei— 

21^ 
24^ 


287 
289 
335 
341 
364 
396 


^] 
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The  water  staads  at  127  feet  from  the  surface.  With  an  air  lift 
the  well  yielded  80  gallons  per  minute,  lowering  the  water  head  to 
145  feet  below  the  surface.  It  is  expected  that  when  the  well  is  per- 
manently piped  it  will  yield  150  to  200  gallons  per  minute  ¥rith  a  drop 
of  approximately  35  feet  of  the  water  level.    Frank  Sutter,  driller. 

COLBEBT  COUNTY. 

Sheffidd. — ^A  well  has  recently  been  drilled  for  H.  B.  Tompkins. 
Depth,  190  feet.  Height  of  water,  —37  feet.  Flow,  large.  Pumped 
bjr  windmill.    The  well  is  in  the  St.  Louis  group  of  the  Carboniferous. 

Oil  and  gas  well.  Depth,  1,550  feet.  Bored  June,  1902.  Record: 
Sarfaoe  soil  and  gravel,  22  feet;  blue  limestone,  22  to  282  feet;  Gor- 
don sand,  oil,  and  gas,  282  to  291  feet;  calcareous  sandstone,  291  to 
466  feet;  black  slate,  466  to  486  feet;  blue  slate,  486  to  796  feet;  shale, 
lime,  and  flint,  796  to  1,022  feet;  capping  to  second  sand,  hard  lime- 
stone, 1,022  to  1,060  feet;  very  hard  standstone,  some  oil  and  gas, 
1,060  to  1,092  feet;  limestone,  flinty,  1,092  to  1,550  feet. 

Andalusia, — ^Record  of  deep  well: 

Record  of  well  at  Andalusia^  Ala. 


Clay 

BeicfaHmd 

Tdlowday 

Stad 

Clay 

Bock 

Clay 

Yellow  marl 

Oravel  and  clay 

Sand 

Hiver-bed  sand . 

Clay 

Sand 

Hock 

Clay 

Water  sand 

Bine  marl 

U^urecorded 

Rock 

Sand 

Bock 

TJnrecorded 

Bock 

Clay 

Unrecorded 

Eock 


ThickneM. 

Total 
depth. 

FetU 
85 

F^t. 
85 

80 

06 

10 

75 

10 

85 

80 

115 

8 

118 

22 

140 

10 

150 

7 

157 

33 

190 

4 

194 

6 

200 

6 

206 

3 

209 

71 

280 

2 

282 

24 

306 

44 

850 

1 

351 

5 

356 

2 

358 

19 

377 

1 

878 

12 

890 

10 

400 

3 

403 
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Beyond  this  depth  the  material  is  reported  as  clay  with  rock  layers, 
as  follows: 

Jtecord  of  well  at  Andalusia ,  Ahu — Continued. 


Depth  en- 
countered. 

1 
ThickneHH.  1 

1 

Ft.  in. 

i 

i  Depth  en- 

'  countered. 

Feet. 

1 

1 
ThickneflB.  i 

1 
_  _   -    _     1 

Ft.  in. 

1  Depth  en- 
1  countered. 

1 

Thickness. ' 

f\et. 

Feet. 

Ft.  in.    1 

407 

4     0 

1.012 

5     0      1 

1,087 

7     0 

416 

1     6    j 

1,021 

4  0  i 

1,096 

5     0 

476 

6    0 

1,026 

1     1     1 

1,106 

4     0 

572 

7    0 

1,028 

0    6 

1 

1,114 

3     0 

693 

4    0 

1,033 

2   0   ; 

1,120 

2    0 

722 

3    0 

1,037 

'  4  0  ; 

1,125 

3    0 

965 

3    0 

1,042 

2    0     i 

1,130 

2    0 

969 

3    0 

1,047 

2    0 

1,136 

2    0 

982 

2    6 

1,054 

0    6 

1,143 

3    0 

987 

2    0 

1,057 

7     0 

1,145 

3    0 

1,003 

1     5 

1,075 

5    0 

1,005 

1     6 

1 

1,082 

3    0 

Total  depth,  1,150  feet.  The  water  stands  at  —100  feet  and  is 
raised  by  air  compression,  the  capacity  being  about  35  gallons  i>er 
minute.     The  water  is  lowered  about  15  feet  by  pumping. 

COVTNCiTON   COUNTY. 

River  Falls, — Well  bored  by  W.  M.  Morrison  in  1001  for  Horse  Shoe 
Lumber  Company.  Record:  Clay,  8  feet;  coarse  sand,  12  feet;  yellow 
marl,  30  feet;  yellow  sand,  10  feet;  blue  marl,  30  feet;  alternating 
blue  marl  and  thin  layers  of  rock  to  -JOO  f(H^t;  S  inches  buhrstone; 
30  feet  water-])oaring  sand  and  lignit/e.  Total  depth,  230  feet.  Yield, 
3^  gallons  per  minute. 

S(inf<)7'(L — Well  bored  by  W.  M.  Morrison,  1901,  for  Hendei-son 
Lumber  C'ompany.  Total  depth,  3Sr»  U^vi.  Casing,  3  inch.  Record: 
Clay,  12  feet;  wliite  sand,  IS  feet;  liard  red  and  yellow  clay,  50  feet; 
alternating  layers  of  sand,  blue  marl,  and  rock  to  175  feet;  blue  marl 
to  275  feet;  watcM'-bearing  sand  and  lignite  to  295  feet;  porous  lime- 
stone to  350  feet;  water-bearing  sand  and  rock  to  386  feet.  Water 
stands  at  —  70  feet. 

Well  bored  by  W.  M.  Morrison  in  1001  for  W.  W.  Vorn.  Record: 
Hard  red  and  yellow  clay  to  75  feet;  yellow  sand  and  soft  rock  to  00 
feet;  blue  marl  to  200  feet;  shell  rock  to  202  feet;  water-bearing  sand 
to  235  feet.     Water  stands  at  —  70  feet.     Casing,  4^  inch. 

CRENSHAW    COUNTY. 

Brantley. — Two  wells,  with  a  <liameter  of  4  inches  and  a  depth  of 
600  feet,  are  reported  to  yield  an  inexhaustible  supply  of  water. 
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OULLlftAN  COUNTY. 

CtJlman. — A  well  belonging  to  the  city  is  rex>orted  to  have  a  depth 
of  700  feet. 

DALUIS  COUNTY. 

BoQuechUto. — A  well  belonging  to  the  Birmingham,  Selma  and  New 
Orleans  Railroad  (L.  A  N.  system)  is  reported  to  be  6  inches  in  diam- 
eter and  460  feet  deep.  The  water  rises  to  25  feet.  Yield,  75  gallons 
per  mttute.     Temperature,  68*^. 

A  well  400  feet  deep,  in  section  8,  township  18,  range  8  east,  was 
reported  in  1899  to  flow  20  gallons  an  hoar. 

Browns  St<ition, — About  2^  miles  north  of  Browns  Station,  at  the 
Walker  plaoe,  a  well  was  bored  in  1900  by  J.  I.  Hawk.  Water  stands 
at  -37  feet.  From  top  to  blue  rock  is  30  feet.  The  blue  rock  was 
180  feet  thick.  The  well  starts  in  the  Rotten  limestone,  and  the  water 
supply  is  from  the  £utaw  sands. 

Cahaba. — A  number  of  wells  were  bored  near  Cahaba  at  a  very 
early  date,  on  the  plantation  of  Freeman  King,  on  the  east  bank  of 
the  Alabama  River,  5  miles  below  the  town,  and  elsewhere.  Two  of 
these  wells  are  560  feet  deep  and  yield  250  gallons  each  per  minute. 
The  " Great  Well"  at  Cahaba  was  728  feet  deep.  Temperature  of 
water,  77^.« 

Well  owned  by  Andrew  Gill;  bored  in  1899  to  a  depth  of  365  feet. 
Yield  by  natural  flow,  30  gallons  per  minute.     Starts  in  the  Rotten 
limestone,  water  being  obtained  from  the  Eutaw  sands. 
Another  well  reported  at  Cahaba  is  741  feet  deep.     Depth  of  supply, 

716  feet.     Yield  by  natural  flow,  1,200  gallons  |)er  minut*e.     Quality, 

good.     Starts  in  the  Rotten  limestone  and  ends  in  the  Tuscaloosa. 

The  materials  encountered  are  supposed  to  be  Lafayette,  34  feet; 

Rotten  limestone,  331  feet;  Eutaw  sands,  228  feet;  Tuscaloosa  l>eds, 

149  feet. 
Court-house  well:  Depth,  555  feet.  Temperature,  75*^. 
Well  at  Bell's  Hotel:  Depth,  400  feet.     Temperature,  74°.« 
CahaJnt  River. — A  (i-inch  w<?ll,  5!I0  foet  deep,  is  reported  on  the 

Cahaba  River.     The  water  rises  to  +22  feet  and  yields  80  gallons  per 

minute.     Temperature,  70".     Reported  in  18U0. 

Huntersfield. — A  5  inch  well,  550  feet  in  depth,  in  whicli  tlu^  water 

rises  to  +1B  feet  and  yields  70  gallons  per  minute,  was  reported  in 

1899.     Temperature,  Gir. 

iS'eZrwa.— Cawthon  Cotton  Mills.     Well  l)ored  in  181)0  by  J.  I.  Hawk. 

Flows  115  gallons  per  minute.     Deptli  to  blue  rock,  30  feet;  blue 

rock,  250  feet  thick.     Well  starts  in  the  Rotten  limestone  and  water 

supply  is  from  the  Eutaw  sands. 

City  waterworks.     Six  wells  from  425  to  500  feet  deep,  all  of  which 

overflow  or  are  pumped  into  a  reservoir,  were  lH>red  in  1888.     Teni- 
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perature,  03°.  Four  5  and  6-inch  wells,  with  depths  of  from  500  to 
700  feet,  are  located  at  the  main  station.  The  water  rines  3  feet  above 
the  surface,  but  is  pumped  for  distribution  by  the  air-lift  process. 
Total  flow  from  the  four  wells  is  38,000  gallons  per  hour.  Following 
analysis  of  the  water  was  made  by  E.  G.  Love,  of  New  York: 

Analysis  of  water  from  city  icaterworks  at  Selma,  AUu 
[Grains  per  United  States  gallon.] 

Appearance _ ...  Slightly  turbid,  blnish. 

Odor  (heated  to  100' F.) None. 

Chlorine  in  chlorides. . . 0. 244 

Equivalent  to  sodium  carbonate 402 

Phosphates Faint  trace. 

Nitrates .  _ None. 

Nitrogen  in  nitrates 0313 

Free  ammonia 0014 

Albuminoid  ammonia .  0006 

Hardness  (equivalent  to  calcium  carbonate,  before  boiling) .  4. 957 

Hardness  (equivalent  to  calcium  carbonate,  after  boiling) .  408 

Organic  and  volatile  matter . None. 

Total  mineral  matter  by  evaporation 6. 881 

A  well  at  the  council  cliamber  is  620  feet  deep  and  gives  a  good 
flow.  It  starts  in  the  Rotten  limestone  and  obtains  its  water  from  the 
Tuscaloosa.     Altitude,  121  feet.     Temperature,  62°. 

Well  owned  by  0.  C.  Ferrill  and  located  1  mile  from  court-house. 
Bored  in  1884  by  Peyton  Hatch.  Total  deptli,  487  feet.  Flows  110 
gallons  per  minute.  Temperature,  08''.  Starts  in  the  Rotten  lime- 
stone and  obtains  its  supply  from  the  Eiitaw  sands  or  Tuscaloosa 
formation.     Depth  to  blue  rock,  125  feet.     Altitude,  121  feet. 

Well  of  E.  (Oilman.  Bored  in  1801)  by  J.  I.  Hawk.  Depth,  643  feet. 
Flows  85  gallons  per  minute.  Four-inch  casing  to  blue  rock;  balance 
2^  inch.  Water  carries  some  iron.  Record:  Soil,  0  to  28  feet;  blue 
rock,  28  to  1)0  feet;  sand  and  sand  rock,  1)0  to  100  feet;  sand,  sand 
rock,  and  layers  of  soapstone,  100  to  480  feet;  white  clay,  480  to  520 
feet;  pink  kaolin,  520  to  600  feet;  sand,  gravel,  some  red  clay,  600  to 
64:5  feet.     Altitude,  121  feet. 

Well  of  H.  A.  Harralson.  Bored  in  1875  to  a  depth  of  780  feet. 
Diameter,  4  inches.  Flow  small  and  charged  with  iron.  Starts  in 
Rotten  limestone  and  obtains  water  from  the  Tuscaloosa  formation. 

Hestell  Cotton  Mill.  Bored  by  Patrick  Gilman.  Depth,  465  feet. 
Yield,  80  gallons  per  minuU\  Starts  in  Rotten  limestone  and  obtains 
supply  from  Eutaw  sands  or  Tuscaloosa  formation.     Altitude,  121  feet. 

McGill  well,  at  corner  of  Broad  street,  near  Union  Depot.  Flows  12 
gallons  per  minute  from  2-inch  pipe.  Temperature,  (jS"",  Altitude, 
121  feet. 

A  well  was  drilled  at  the  People's  Oil  Mills  in  VMK).  Started  in  the 
Rotten  limestone  and  obtained  water  in  Tuscaloosa  beds.  Altitude, 
121  feet.     Record  unknown. 


1  ALABAMA.  287 

Baoe  traek.  WeU  stated  to  be  3  inches  in  diameter  and  to  yield 
150  gallons  per  minute.  Temperature,  OS''.  Water  is  charged  with 
iron.  Starts  in  Rotten  limestone  and  draws  its  supply  from  the 
Kutaw  sands  or  Tuscaloosa  beds. 

Well  at  Schweizer  residence.  Bored  by  J.  I.  Hawk,  1899.  Flows 
135  gallons  per  minute.  Blue  rock  from  30  to  about  250  feet.  Starts 
in  Rotten  limestone  and  gets  water  in  Eutaw  sands  or  Tuscaloosa 
beds.    Altitude,  121  feet 

Well  at  Summerfield  Oil  Mills.  Bored  in  1899.  Depth,  465  feet. 
Diameter,  6  inches.  Flows  100  gallons  x)er  minut-e.  Cased  to  blue 
n>ck.  Starts  in  Rotten  limestone  and  obtains  its  supply  from  Eutaw 
sands  or  from  the  Tuscaloosa  formation.    Altitude,  121  feet. 

Three  miles  northwest  of  Selma,  on  the  Welch  plantation,  a  well 
was  drilled  in  1899  by  J.  I.  Hawk.  Flow,  18  gallons  x>er  minute. 
Depth,  424  feet.  Blue  rock  from  18  to  138  feet,  balance  sand  and 
soapstone. 

The  following  two  wells  are  also  reported  in  Selma  :^ 

(1)  Comer  of  Main  and  Water  streets.  Depth,  470  feet.  Four 
inches  in  diameter.    Temperature,  72'".     Cased  to  420  feet. 

(2)  At  Selma  Foundry.  Depth,  409  feet.  Yields  230  gallons  of 
water  per  minute.    Temperature,  68°. 

TarA  station, — On  Birmingham,  Selma  and  New  Orleans  Railroad 
(L  A  N.  system).  Well  reported  to  be  560  feet  deep.  Six  inches  in 
diameter.  Water  rises  to  +35  feet.  Yield,  90  gallons  per  minute. 
Temperature,  70^. 

ESCAMBIA  COUNTY. 

Brewton, — ^Well  at  hotel  is  reported  to  be  130  feet  deep  and  to  yield 
1  gallon  per  minute.     Record  similar  to  the  following. 

Well  bored  in  1895  by  W.  J.  Malone  for  H.  H.  Malone.  Flows  5 
gallons  per  minute.  Temperature,  68°.  Water  a  little  hard.  Cased 
to  150  feet.  Record:  Sandy  soil,  0  to  30  feet;  blue  marl,  30  to  60  feet; 
white  sand,  60  to  80  feet;  white  (clay)  marl,  80  to  86  feet;  white  sand, 
86  to  136  feet;  hard  white  limestone,  136  to  151  feet;  white  sand  and 
water,  151  to  190  feet. 

Wells  have  been  drilled  by  W.  .7.  Malone  for  E.  Downey  (3  wells), 
J.  A.  McGowan  (2  wells),  J.  T.  McGowan  (2  wells),  Mrs.  Spear  (2 
wells),  P.  B.  Sowell  (2  wells),  A.  McGowan  (2  wells),  M.  McCall  (2 
ivells),  W.  D.  Harrold  (2  wells),  Brewtoii  German  Club  (3  wells),  Sam 
Scott  (3  wells),  Phiefer's  bakery  (3  wells),  Porter's  Lumber  Company 
(3  wells),  M.  S.  Lovelace  (2  welLs).  The  wells  are  all  from  65  to  80 
feet  deep.  Besides  these,  there  are  about  80  more  wells  in  and  near 
the  town.  The  records,  which  are  practically  the  same  for  all,  are 
represented  by  the  following:  Sandy  soil,  0  to  35  feet;  blue  marl,  35 
to  45  feet;  white  sand,  45  to  65  feet;  white  clay  or  marl,  with  water 


.  Sci.,  vol.  10, 1856,  p.  95.    The  recorda  of  these  wells  are  giron  on  pages  97  and  98. 
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in  white  sand  below,  G5  feet  to  bottom.     The  flows  are  all  2  to  5  gal- 
lons per  minute.     Diameter  of  casing,  1^  inches. 

City  Water  Company.  Main  well.  Bored  in  1900.  Total  depth, 
350  feet.  Flow,  35  gallons  per  minute.  Cased  145  feet  with  8-inch 
casing.  Three  other  wells,  averaging  about  85  feet  in  depth,  also 
flow  into  the  reservoir,  and  are  pumped  into  the  water  mains.  The 
deeper  wells  taste  strongly  of  sulphur.  Temperature,  66°.  Record: 
Same  as  other  wells  to  150  feet;  white  sand  with  water,  150  to  250  feet; 
blue  marl,  250  to  310  feet;  shell  and  coral  with  water,  310  to  359  feet. 

Public  well.  Bored  by  Wiley  Dixon.  Yield,  3  gallons  per  minute. 
Temperature,  69°. 

ETOWAH  COUNTY. 

AUalla.— Wen  bored  by  Heflin  Brothers,  1903,  for  T.  II.  Aldrich  A 
Co.  Diameter,  6  inches.  Depth,  300  feet.  Water  at  175  and  250 
feet.  Principal  supply  from  the  latter  dei)th.  Quality  good.  Has 
an  estimated  flow  of  2(K),000  gallons  a  day.  Record:  Soil,  0  to  6  feet; 
hard  '* chert  sandstone,"  6  to  122  feet;  black  shale  ("slate"),  122  to 
154  feet;  very  hard  chert  and  sandstone,  154  to  209  feet;  slat^,  209  to 
264  feet;  very  hai-d  chert,  264  to  300  feet. 

FAYETTE   (BOUNTY. 

Fayette, — A  well  500  feet  deep  is  reported  at  this  point.  Height  of 
water,  —30  feet.     A  vein  of  coal,  4^  feet  thick,  is  reported  at  250  feet. 

FRANKLIN   COUNTY. 

KusseU cille. —Wt^W  of  L.  W.  De  Prez.  Depth,  36  feet.  Height  of 
wat^r,  —  36  feet.     Well  in  the  Tuscaloosa  beds. 

Well  of  E.  M.  Harris;  100  feet  deep.     In  Tuscaloosa  beds. 

Well  on  the  property  of  the  Miss  Emnui  Mining  Company  is  report<*d 
to  be  1,400  fc^et  deep.  An  abandoned  well,  1,300  feet  deep,  is  rei)orted 
2  miles  east  of  town,     l^ossibly  it  is  the  same  as  the  preceding. 

GENEVA   C OUNTY. 

Genera. — Public  well;  bored  in  19CM).  Water  was  encountered  at 
307  feet  and  rose  to  —14  feet,  the  supply  appearing  inexhaustible, 
but  through  some  dissatisfaction  the  city  council  insisted  on  boring 
deeper,  with  the  result  tliat  the  casing  was  broken,  the  flow  lost,  and 
the  w(»ll  ilnally  abandoned.  Record:  Coarse,  white-yellow  sand,  0  to 
30  feet;  yellowish  marl,  30  to  42  feet;  bluish  sand,  42  to  80  feet; 
buhrstone,  soft  in  middle,  80  to  H4  feet;  blue  sand,  84  to  94  feet;  shell 
rock,  04  to  96  feet;  sand  and  coral  rock  alternating,  96  to  338  feet. 

(IREENE   COUNTY. 

BoH(ive.—\\Q\\  of  K.  F.  Houchelle.  BohhI  in  1899  by  Mr.  Ladd. 
Depth,  500  feet.  First  flowing  water  at  300  feet.  Water  rises  to 
+  22  feet.     Flowed  originally  60  gallons,  l>ut  on  June  20, 1899,  was  40 
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gallons.  Somewhat  salty.  Temperature,  70''.  Cloned  againHt  Hand  at 
tho  bottom.  Starts  in  Rotten  limestone.  Water  supply  from  Eutaw 
sand. 

Well  of  H.  T.  Bouehelle,  in  SE.  i,  sec.  31,  T.  21,  Ji.  1  E.  Bored  by 
J.  L  Hawk  in  1898.  Depth,  450  feet.  Three-inch  casing.  Closed 
agaiust  sand.  Flowed  over  pipe  at  +10  feet.  Estimated  original  vol- 
ome,  10  gallons.  First  flowing  water  was  obtaine<l  at  350  feet.  Some- 
what salt3\  Record:  Soil,  0  to  20  feet;  blue  rock,  20  to  220  feet;  sand, 
irith  occasional  thin  layers  of  rock  with  water,  220  to  450  feet. 

Well  of  Mr.  Hatton.  Depth,  250  feet.  Flow  small.  Start*  in  Rot- 
ten limestone  and  obtains  its  waticr  from  the  Eutaw  sands  or  Tusca- 
loosa beds. 

Well  of  Mrs.  Perry;  100  yards  south  of  station.  Bored  by  Mr.  Ladd 
in  18l>4.  Flows  If  gallons  per  minute  from  a  depth  of  250  feet. 
Water  carries  salt  and  sulphur.  Temperature,  68°.  Flows  3  feet 
above  the  surface. 

Four  miles  north  of  Boligee  a  well  was  bored  by  Mr.  Ladd,  in  1899, 
for  Moses  Kay,  colored.  Depth,  142  feet.  Casing,  3  inches.  Pure 
water,  2  gallons  per  minute  from  bottom.  Flows  3  feet  above  surface. 
Temperature,  66°.     Limestone  occurs  at  40  feet. 

Well  of  Alec.  Alexander,  colored.  Bored  by  Mr.  Ladd  in  1899. 
Depth,  350  feet.  Water,  which  rises  to  +5  feet,  was  obtained  at  320 
feet- 

The  following  wells  are  also  reported  in  Boligee:"  Doctor  Wither's 
well,  420  feet  deep;  temperature,  62°.  Canfield  well,  522  feet  deep; 
temperature,  70°.  Captain  Johnston's  well,  at  Finches  Ferry,  550  feet 
deep;  temperature,  71°. 

Burton  Hill, — Well  of  Doctor  Perriu.  Depth,  544  feet.  Tempera- 
ture, 70°. 

Erie. — Well  of  Caleb  Blackman,  colored.  Bored  by  Morrison  in 
1888.  Depth,  320  feet.  C-asing,  4-inch.  Water  from  290  feet,  flowing 
10  gallons  per  minute  t^>  a  height  of  +5  feet.  Temperature,  67". 
Record:  Sand  and  gravel,  0  to  30  feet;  1)1  ue  rock,  3o  to  300 feet;  sand, 
water,  blue  rock,  etc.,  300  to  330  feet. 

Three  miles  southwest  of  Morrison,  in  sec.  30,  T.  20,  R.  3  E.,  a  well 
wa«  bored  by  Morrison,  in  1898,  for  Deb.  Marks,  colored.  Dej)th,  330 
feet.  Water  from  horizon  at  300  feet,  flowing  \k  gallons  per  minute. 
Temperature,  68°.  Casing,  3-ineh.  Record:  Sand  and  gravel,  0  to 
3(>feet;  blue  rock,  30  to  300  f<H?t;  sand  with  water,  300  to  330  feet. 

Eut<iiP' — Well  at  Alabama  Great  Southern  Railroad.  Altitude, 
185  feet.  Drilled  in  1886.  Depth,  400  feet.  Water  salty.  Starts  in 
Eutaw  sands  and  obtains  its  water  from  the  Tuscaloosa  beds. 

Well  at  court-house.  Drilled  in  1853.  Depth,  1,106  feet.  Water 
sapply  from  horizon  at  513  feet  rises  nearly  to  surface.     Water  salty. 
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Starts  in  Eutaw  sands  and  finds  water  in  Tuscaloosa  beds.  Record: 
Soil  and  surface  materials,  15  feet;  Eutaw  beds,  378  feet;  Tuscaloosa 
beds,  350  feet. 

Public  well.  Depth,  743  feet.  Water,  reaching  within  a  few  feet 
of  the  surface,  was  found  at  less  than  100  feet.** 

One  mile  south  of  Eutaw  is  the  well  of  Judge  T.  W.  Roberts. 
Diameter  at  bottom,  1^^  inches.  Depth,  239  feet.  Water  supply  at 
bottom.  Flows  at  surface.  Carries  some  salt.  Starts  in  Eutaw  sands 
and  gets  WQ,ter  in  the  Tuscaloosa  beds.  Record :  Clay  and  sand  to 
lime  rock,  11  feet;  rotten  lime  rock  (water  at  bottom),  39  feet;  blue 
lime  rock,  150  feet;  sand,  10  feet;  dark  soapstone,  16  feet;  sand,  3 
feet;  soapstone,  6  feet;  hard  rock,  2  feet;  sand  to  water,  2  feet. 

About  4J  miles  south  of  Eutaw,  on  the  Clements  place,  are  three 
old  wells,  namely: 

(1)  On  Eutaw  and  Forkland  road.  Yields  2  gallons  per  minute. 
Temperature,  71°.     Water  salty. 

(2)  One-half  mile  east  of  road.  Yields  If  gallons  per  minute.  Tem- 
perature, 71°.  Water  salty.  This  well  is  200  feet  deep  and  twenty- 
five  years  ago  gave  a  strong  stream,  but  has  gradually  weakened. 
At  present  it  overflows  9  feet  lower  than  formerly. 

(3)  One  hundred  yards  from  the  house.     Flow  exceedingly  small. 
Six  miles  south  of  Eutaw,  in  sec.  5,  T.  20,  R.  2  E.,  a  well  was  bored 

for  Judge  T.  W.  Roberts,  by  Kinnaird  &  Sample,  in  1901.  Depths 
340  feet.  Water  at  300  feet.  Yields  10  gallons  per  minute  at  sur^ 
face.     Tem|)erature,  70°.     Casing,  4^inch. 

Eight  miles  soutli  of  Eutaw,  in  sec.  20,  T.  20,  R.  2  E.,  is  a  well  of 
Capt.  James  Webb,  bored  by  Kinnaird  &  Sample.  Depth,  560  feet. 
Casing,  -t-ineh.  First  flowing  water  at  540  feet.  The  well  flowed  a 
year  and  tlien  caved  in  in  part,  after  which  the  pump  had  to  be  used. 
Record:  Soil,  0  to  0  feet;  l)lue  rock,  i)  to  540  fe(?t;  sand,  540  to  560 
feet. 

Nine  miles  soiitli  of  Eutaw,  on  the  Swilley  place,  owned  by  E.  W. 
Degraffenreid,  of  Greensboro,  are  two  wells.  First  veil  is  al  hoii^i;?, 
in  SE.  i  of  NW.  \  sec.  7,  T.  20,  K.  2  E.  Bored  by  Morrison  in  1898. 
Depth,  405  feet.  Casing,  :^ineh.  Volume,  2  gallons  per  minute. 
Temperature,  71°.  Water  very  salty.  Tsed  for  domestic  purposes 
and  stock.  Record:  Clay,  0  to  10  feet;  blue  rock,  10  lo  250  feet; 
sand,  with  thin  strata  of  blue  rock  and  water,  250  to  495  feet.  The 
flow  was  obtained  from  400  feet. 

The  second  well  is  1  mile  northeast  of  house,  in  the  SE.  ^  of  NW.  i 
sec.  20,  T.  20,  R.  2  E.  Reported  by  Morrison  in  1898.  Depth,  450 
feet.  Casing,  3-incli.  Yield,  1  gallon  per  minute.  Temperature, 
71°.  Flow  from  400  feet.  Water  salty.  Record:  Clay,  0  to  10  feet; 
blue  rock,  10  to  300  feet;  hard  rock,  300  to  306  feet;  sand,  with 
water,  306  to  450  feet. 
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Ten  miles  southwest  of  Eataw  are  three  wells  of  S.  L.  Creswell,  one, 
456  feet  deep^  with  water  at  a  temperature  of  72'' ;  a  second,  in  field 
at  Creswell's  plantation,  440  feet  deep,  with  temperature  of  71"" ;  and 
a  third,  one-half  mile  north  of  first  well,  550  feet  deep,  with  a  tem- 
perature of  72°. 
Well  at  William  Glover's.*    Depth,  445  feet.    Temperature,  72^. 
Well  of  Judge  T.  W.  Roberts,  10  miles  south  of  Eutaw,  in  sec.  5,  T. 
90,  R.  2  E.    Depth,  446  feet.     Flow  from  405  feet.     Well  starts  in 
Sataw  sands  and  obtains  water  from  Tuscaloosa  beds.     The  first 
water  was  found  at  210  feet  and  stood  at  —36  feet;  second  water  from 
378  feet  stood  at  —32  feet;  third  water,  at  405  feet,  rising  to  —3  feet. 
The  well  was  closed  at  first,  but  after  a  few  weeks  the  water  rose  to 
—1  foot,  and  afterwards  began  to  flow  and  has  continued  to  give  a 
i-inch  stream  ever  since. 

Twelve  miles  south  of  Eutaw,  on  J.  W.  Hall's  plantation,  a  well  was 
sank  to  the  depth  of  420  feet. 

ForJdand.—Well  of  W.  B.  BaltzeU.  Bored  by  J.  I.  Hawk  in  1901. 
located  in  SE.i  NW.i  sec.  11,  T.  19,  R.  1  E.  Flow,  8  gallons  per  min- 
ute.   Temperature,  72°. 

Well  of  E.  L.  Latimer.  Bored  by  J.  I.  Hawk  in  1901.  Located  in 
SE.i  SW.i  sec.  4,  T.  19,  R.  2  E.  Flow,  9  gallons  per  minute.  Tem- 
perature, 74°.  Water  salty,  but  soft  and  gives  no  crust  in  boilers. 
Volmne  constant.  Rises  to  -|-18  feet.  Cased  throughout,  except  in 
limestone.     Used  for  domestic  purposes. 

Well  of  Miss  C.  A.  Lewis.  NW.  i  NW.  i  sec.  3,  T.  19,  R.  2  E. 
Drilled  in  1901,  by  J.  I.  Hawk.  Water  soft  and  not  salty.  Originally 
the  well  gave  a  strong  flow,  but  an  accident  in  inserting  the  casing 
greatly  reduced  it.  Flows  1^  gallons  per  minute.  Temperature,  72°. 
Well,  owner  not  given.  Depth,  575  feet.  Blue  rock,  350  feet  deep. 
Water  rises  to  +S  feet.     Yield,  20  gallons  per  minute. 

Hairsion, — About  2^  miles  east  of  Ilairston  is  a  well,  owner  unknown, 
that  is  reported  to  be  530  feet  deep.  Blue  rock,  1 70  feet  thick.  Water 
rises  to  +2^  feet.     Yields  4  gallons  per  minute. 

SteeUs  Bluff,— Well  of  Judge  A.  D.  Smith,  of  Eutaw.  Bored  by 
Morrison  &  Morrison,  1902.  Depth,  400  feet.  Casing,  3-inch.  Flows 
at  -t-25  feet.  Volume  constant.  Cased  to  360  feet.  Weak  flow  of 
water  from  330  feet.  Yields  22  gallons  per  minute.  Temperature,  GO*^. 
Record:  Clay,  sand,  0  to  30  feet;  pink  soapstone,  30  to  250  feet;  sand 
with  water,  250  to  400  feet. 

On  river  one-half  mile  above  town,  in  SW.  ^  sec.  12,  T.  23,  R.  3  E., 
is  a  well  of  Jeff  Patton,  of  Knoxville.  Bored  by  Kinnaird  &  Sample, 
1901.  Depth,  360  feet.  Casing,  3-inch.  First  flowing  water  at  200 
feet.  Flowed  originally  50  gallons  per  minute,  but  had  ceased  before 
November,  1901.  Record:  Sand  and  gravel,  0  to  130  feet;  soapstone, 
1.30  to  170  feet;  blue  rock,  170  to  200  feet;  sand  and  blue  rock  with 
water,  200  to  260  feet. 
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Lock  No.  6\— Well  of  A.  P.  Patton.  Bored  by  W.  J.  Kinnai 
1901.  Depth  reported,  300  feet.  Casing,  3-inoh.  Original  flo 
gallons  per  minute.  Volume  later  fell  oflf  to  a  little  over  a  gallo 
minute.     Temperature,  63**. 

A  number  of  other  wells,  yielding  from  1  to  15  gallons  per  m 
and  temperatures  from  63°  to  72°,  have  been  reported.** 

List  of  additional  artesian  ivells  in  Oreene  County,  Aid. 


Location. 


Town- 
ship. 


Range. 


19      8  E. 


19 
19 

19 
19 


20 
20 

30 

ao 

20 

a) 

30 
20 
20 

30 

20 
20 


20 
21 

21 
21 

21  I 

21 : 

2l! 


2E. 
2E. 

2E. 
2E. 


20  3E. 

20  3E. 

20  '  3E. 

20  3  E. 

20  i  2E. 

i 

20  I  2E. 

20  )  2E. 

3f)  2E. 


2E. 
2E. 

2E. 
2E. 

3E. 
2E. 
2E. 
2E. 
2E. 
2E. 
IE. 

IE. 
IE. 
IE. 


Sec- 
tion. 


2E. 
2E. 
2E. 


Part  of  section. 


Plantation,  as 
shown  on  Snede- 
cor's  map  of 
Qreene  County 

(1H66). 


NW.JofSW.i.   J.C.Plckins 


12 
U 

24 
25 

21 
31 
30 
32 
1 

3  ! 


Fraction 

NW.J... 


NE.J 

Near  center 
section. 


I 

«     i 

1«1 

I 
I 

21 ; 

28  I 

.•12  I 


8 
17 
25 


8E.  i  of  NE.  i  - . 

do : 

NE.JofNE.i -i 
NW.iofNE.jJ 

NW.iofNW.i.| 

Near  center  i 
section.  i 

NW.  i,   near 
center. 

NW.i 


Sarsby  place 

M.  R.  Brassfleld 
place. 

J.  G.  Rowe  Estate. 

Jas.  C.  Cole  Estate . 

Bnchemans  Island. 
Jacob  Halbrook  . . . 

I.  C.  Snedecor 

Lovit  Hines  Estate . 
M.Powler 


Present  owner 
or  estate. 


Remar 


M.  Bailey  heirs. 


C.  E.  Latimer 

Blackman  place. 

Hines  heirs 

DollarhideCo... 


Strong, 
stone. 

Near  rirei 

Near  ri 
strong. 

Near  road 

On  road. 


do do 

S.McAlpine I  L.&  J.  Winston.. 

I 

Jami-w  Willis '  Wm.Scears 


NW.i 

NE.],NW.cor 
nor. 

E.'jofSW.l... 

SE.i 


J.R.Blottker Julia  W.Byrd.... 

Jas.A. Watson Bernard    Har- 

wood. 

do '  Tho6.W.  Roberts. 

D.  C.  Williain.s John  Gray 


W.iof  SW.i. 
sw.i 


NE.iof  NE.i. 
NW.i  of  NW.i. 


IE. 

;« 

IE. 

38 

3E. 

i 

3E. 

32 

2E. 

2 

SE.i  - 

NW.i 
SW.i. 


NE.i 


J. R. BUxkor E. T. O'Conner  . .. 

do do 

J.  L.  Walton Mrs.  J.  L.  Webb  . . 

do do 

W. A. Glover W.N. Glover 

J.  R.  Blo<'ker John  Blocker 

Geo. Hays M.T.Sumner 

I.  B.  Sma w Wm.  Smaw 

do  - do 

James  I .  Thornton .    H.I. Thornton  Es- 
tate. 

do Syd.Mot)re 


Strong. 

On  McAI] 
ferry  roi 

Do. 


NW.i 

NE.i- 


SE.^ 

NW.^ofNW.i 


3 
3 
3 


NE.i  of  NE.i. 
NE.i  of  NW.i 
SE.i 


do do 

J.  T.  Creswell B.  Harwood  et  al . 

East  Port  Hale  Co 

J.T.Creswell Roberta    Mc- 
Queen. 
do D.Kyle  heirs 

do do 

J.B.Clark H.M.Clark 


Canfleld 
road. 


New  well. 

Does  not 
over. 

Strong,  ne' 

En  taw   I 
ing,  stroi 

Near  road. 


Stopped  ui 
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2l'  SB. 
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I 
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81  SB. 
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81 

81 

81 
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81 
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81' 

81' 
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21 
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81 
81 
81 


IB. 
IB. 
IB. 
IB. 
IB. 

IB. 

IB.' 

IE. 

IE. 

IE. 

IE. 

IE. 

IE. 
IE. 
IB. 


IE. 

IE. 

IW. 

IW. 

IW. 

IW. 

IW. 
81  i  IW. 
2l|  IW. 
21     IW. 

IW. 

8E. 

2B. 

2E. 
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2K. 


21 
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8 

4 

7 

8 

U 

14 

1ft 

ir 
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2i 

» 


80 

88 

1 

1 

Z 
8 

4 

e 
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8 

8 
11 
12 
12 
14 

14 
16 
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80 

1 

2 

8 

4 

6 

11 

12 

12 

14 

10 

14 

27 

80 
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Fiwi  of  seotloii. 


NKiof  SB.|.. 

w.^ofirw.*.. 

NW.loCNW.J. 

HE.* 

SB.i 

NB.ioC8W.i.. 

HKi 

HW.J 

NB.i 

8K.i 

SW.JofNW.t. 
W.fof  NE.t.- 
KB.iofNB.J.. 
8E.i,fimction. 

W.iof  NW.i-. 

8W.i 

NW.J. 

do 

HE.* 

B.*ofMB.*.... 

do 

8E.|of8B.*... 

HW.i 

SB.* 

HW.i 

SB.*cf  SE.l... 

NB.J 

SB.* 

NB.* 

NW.i 

8B.1« 


Plantation,  m 
ahOffmonSnede- 
cor^B  map  of 
Qraeiie  Ckmnty 
(18B8). 


White 

D.B.Meach>m. 

J.F.CroflB 

J.H.Jones 

W.Pettlfirrew.. 

Job.  Pickens 

y.H.B»ndolph 
J.J. Winston  .. 

do 

P.  Lightfoot... 

A.  Clement 

J.T.Creswell... 

Jos.  Pickens 


Prewnt  ownec 
of  estate. 


Bemarks. 


T.W.  Roberts.... 

Wm.8oears 

J.J.Dew 

J.  W.Jones  Estate 

J.a.Harris 

J.G.Harris,  acrent 

do.... 

J.  W.  Jones  heirs. 

do 

O.  H.  Donlap  .... 
National  Bank... 
A.  W.  Howard . . . 


Not  flowing. 
Sntphnr  well. 


Wm.  HcAlpine 

A.  Clement 

PhiUp  Lightfoot... 

do 

J.  W.Hall p!ac3... 

J.  B.I>nnlap 

B.P.Steele 

CD.  Graham 

T.S.Cook 

J.C.BixieU 

J.  T.  Brown 


NB.* 

W.jof  NB.l-..i 


8W.iofSW.i(3) 

W.jof  NE.K  -I 

NB.* ' 

B.J  erf  NW.i... 
W.  I  of  SW.  i  . . 

8W.* 

BE.* 

NW.iofNE.i. 

BE.* 

NW.i  of  NW.i 


8E.1 , 

E.*of  8W.i...i 
NE.*of  NW.J. 
BW.* 


A.  8.  Steele 

Hays  A  Hairston . . 

Barney  Cox 

L.  H.  Minor 

CD.  Graham 

do 

Gtoo.Hays 

B.Cox 

Tobias  Cook 

Hajrsville  Land  Co. 

S.B.Cook 

Geo.  HayH  Elstate  . . 

T.T.Chiles 

H.T.Croft 

A.  Jolly 

do 

N.Goree 

W.R.  Hatter 

A.S.Steele 

Mary  Bizzell 

Truss.'irB  ferry 

Zac'h.  McCiehee 

Springfield 

Jordan's  well 

D.P.Bestor 

E.R.Steele 


Judge  T.W.  Rob- 
erts. 

J.P.Harry 

G.  H.Dnnlap 

do 

J.  W.  Clement... 

BnrtDunlap 

A.W.Howard... 

do 

Mary  Alexander. 

Mary  Bizzell  heira 

W. T.  Brown  heirs 

J.F.Croas 

M.  T.  Snmner 

Syd.  Moore 

J.J.Dew 

E.  C  Selden 

do 

J.J.Drew 


On  road. 

Near  Choctaw 
Blnif. 

Northeat  cor- 
ner Lock  No.  4. 

West  of  river. 


Not  flowing. 
Strong. 


About  2H  in  1 
acre. 


Syd.  Moore 
Chas.Cook 


Lizzie  Dnnlap 

W.  P.  Thetford . . 


J.  J.  Drew  . 
Jolly  heirs. 


do 


J.R.Taylor 

J.F.Croee 

Mary  Bizzell  heirs 


2  wells. 


Willow    Pond 
well. 


Hairston  Post- 
office— 2  wells: 
neither  flows. 


Saml.  Spencer ^  Look  5. 

Mollie  Smith.... 

Wm.Scears 

J.O.Banks 

Jos.  Cramer 
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NE.i  af  NB.  f .. 
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NE.( 

T.fotSW.i.. 
NW.i 

aw.j 

■  lofNE.!-- 
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NW.iotNW.l 
NW.l 
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do 
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rsw.i 

.  i  of  SE.  1 


.  i  or  Nw.  I 

E.  1  of  BW.  1  . 
.  1  of  NE. 


<     BE.loIBE.).. 

8W.1 

Center _.., 

ME.lofNE.j. 
'     NE.i 

NW.J , 

SW.l -... 

8K,1_ _. 

SW.i 

'     E.lot8W,i.. 

B.lafNE.J.... 


.   Foar-wfU.: 
.  JnatlKlowl 


I   P.P.ParkJuuu 

'.K.T.BmHh 

.1  A.Norwood 

^- 

,'  DR. Wright 

.    HimeriD  UftlireU  .. 

_'  JoaiBhOdUnB 

E.BogBro 

.   .r.M.Hlll 

A. Jolly 

.   JsniBB  Crawford  , . 
.'  Johnr.WbJMeil-. 

.    SprinRfli'ld    

.    H.O.JonoB 

do 

.    L.Williiimii 


T.doQreffenrieil..  ___ 

J. B. T]iomij(40D ',.  ........ 

F.M.ChildcrH..  

J.P.dBOraffonreidj  Milieu    

Simeon  ("srpputerJ _. 

P.Coleinsn !  J.Lockhart  EnOttel 

JohnStrail. ... 

BlmeonCHriwiitor-' _._ _.| 

J, D. Duncan 

J.W.D.Thomu. 


NW.l,tr»ctlDn'  W.P.Pomr.. 
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Akron, — ^Tliree  miles  west  of  Akron,  on  Alabama  Great  Southern 
Biiilroad,  is  the  well  of  O.  V.  Crabtree  Sb  Co.,  bored  by  Kinnaird  Sd 
Sample  in  1900.  Depth,  300  feet.  Casing,  3  inches.  Flowing  water  is 
obtained  at  220  feet,  riidng  to  +  8  feet.  Record:  Soil  and  gravel  (?), 
0  to  50  feet;  blue  rock,  50  to  220  feet;  sand  with  water,  220  to  300 
feet 

Well  of  W.  B.  Inge.  Depth,  + 140  feet.  Water  varies  from  —  6  feet 
in  dry  weather  to  +  0  in  wet  weather.  Yield,  7  gallons  per  minute. 
Temperature,  08°. 

One  mile  south  of  Akron,  at  house  of  W.  £.  Wedgeworth,  is  a  well 
bored  by  Sample  in  1902.  Depth,  400  feet.  Diameter,  3  inches. 
Water  stands  at  —15  feet.  Level  constant  under  domestic  use. 
Temperature,  66°. 

Hotel    welL     Depth,    unknown.     Flows    5    gallons    per   minute.- 
Quality,  good.     Temperature,  66°.     No  diminution  of  flow  reported. 
Well  starts  near  edge  of  Eutaw  sands  and  obtains  supply  in  the  Tus- 
caloosa beds.     Altitude,  170  feet. 

CedarviUe. — A  deep  well  bored  by  J.  I.  Hawk,  for  Madison  Jones, 
ST.,  is  reported  in  this  vicinity. 

Cypress  Switch. — Well  of  Strudwick  Brothers.  Bored  by  W.  J. 
Kinnaird  in  1900.  Depth,  320  feet.  Diamet«r,  2  inches.  Water,  ris- 
ing to  +20  feet,  was  obtained  at  a  depth  of  300  feet.  Volume,  1^ 
galloDs  per  minute.    Temperature,  67"". 

Evafis. — About  li  miles  west  of  Evans  is  the  well  of  C.  H.  Wedg- 
worth,  bored  by  Kinnaird  A  Sample  in  1901.  Depth,  210  feet.  Casing, 
3  inches.  .  Water  at  160  feet,  rising  to  +4  feet.  Volume,  24  gallons  per 
minute.  Temperature,  67°.  Record:  Soil,  gravel,  0  to  40  feet;  blue 
POck,  40  to  160  feet;  sand,  with  water,  160  to  210  feet. 

Evansv^iUe  Station. — Well  of  B.  S.  Evans  (No.  1);  200  yards  from 
house.  Bored  by  W.  J.  Kinnaird  in  1901.  Depth,  200  feet.  Flowing 
water  obtained  at  180  feet,  rising  to  -H^  feet.  Volume,  30  gallons 
per  minute;  constant.     Temi)erature,  68°. 

Well  of  B.  S.  Evans  (No.  2) ;  at  house.  Bored  by  Morrison.  Depth, 
633  feet.  Above  40  feet,  4-inch  casing.  Water  stands  at  —3  feet. 
Used  for  domestic  purposes.  Record:  Sand  and  clay,  0  to  40  feet; 
blue  rock,  40  to  300  feet;  sand,  300  to  350  feet;  soapstone,  350  to  633 
feet. 

Three-fourths  of  a  mile  west  of  Evansville  Stiition  is  a  well 
owned  by  C.  D.  Cummings,  bored  by  Sample  &  Morrison  in  1902  (V). 
Depth,  160  feet.  Casing,  3  inches.  Flows  at  +4  feet.  Yield,  >U  gal- 
lons per  minute.  Temperature,  68''.  Record:  Sand  and  gravel,  0  to 
60 feet;  blue  rock,  60  to  155  feet;  coal  155  to  15GJ  feet;  sand,  with 
water,  156^  to  160  feet. 

Well  of  W.  M.  Sample  (No.  1);  located  at  Evansville  Station. 
Bored  by  Kinnaird  &  Sample,  1902.     Depth,  180  feet.     Casing,  2  inches. 
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FlowiQg  water,  rising  to  4-4  feet,  at  160  feet.  Supply,  18  gallons  per 
minute;  slightly  diminished  since  first  bored.  Temperature,  68°. 
Record:  Soil  and  clay,  0  to  40  feet;  blue  rock,  40  to  160  feet;  sand, 
with  water,  160  to  180  feet. 

Well  of  W.  M.  Sample  (No.  2);  one-fourth  mile  west  of  Evansville 
Station.  Bored  by  Kinnaird  &  Sample.  Depth,  180  feet.  Casing,  3 
inches.  Flowing  water  at  a  depth  of  160  feet.  Original  volume,  10 
gallons  per  minute;  decreased  slightly.  Temperature,  68°.  Record: 
Soil  and  clay,  0  to  70  feet;  blue  rock,  70  to  160  feet",  sand,  with  wat^r, 
160  to  180  feet. 

Well  of  W.  M.  Sample  (No.  3),  one-half  mile  west  of  Evansville. 
Bored  by  Kinnaird  &  Sample.  Depth,  160  feet.  Casing,  3-inch. 
Flowing  water  from  140  feet.  Original  volume,  30  gallons  per  minute. 
Present  volume,  18  gallons  per  minute.  Temperature,  67°.  Record: 
Soil  and  clay,  0  to  70  feet;  blue  rock,  70  to  140  feet;  sand  with  water, 
140  to  160  feet. 

Well  of  W.  M.  Sample  (No.  4),  three-fourths  mile  west  of  Evans- 
ville. Bored  by  Kinnaird  A  Sample.  Depth,  200  feet.  Casing, 
3-inch.  Flowing  water  from  160  feet.  Volume,  30  gallons  i)er  minute 
(estimate).  Temperature,  68°.  Record:  Soil  and  clay,  0  to  50  feet; 
blue  rock,  50  to  120  feet;  (?),  120  to  160  feet;  sand  with  water,  160  to 
200  feet. 

Oreensboro, — The  city  of  Greensboro  has  several  4-inch  wells  about 
432  feet  in  depth.  The  supply  is  reported  to  be  110  gallons  per  min- 
ute. The  water  stands  at  —30  feet  and  is  obtained  at  the  surface  by 
the  air-lift  process.  The  wells  start  and  end  in  the  Eutaw  formation. 
Altitude,  220  feet. 

Well  of  Blount  &  Ward.  Bored  by  Morrison  in  1902.  Depth,  500 
feet.  Casing,  3-incli.  The  water  stands  at  —13  feet.  Well  has  never 
been  used.  Record:  Clay,  0  to  30  feet;  blue  rock,  30  to  300  feet: 
sand  and  thin  strata  of  blue  rock,  300  to  425  feet;  pink  soapstone,  425 
to  500  feet. 

Well  of  Cotton  Oil  Mill  (-orapany.  Lo(?ated  300  yards  from  Blount 
<fe  Ward  well.  Bored  by  Morrison  in  1902.  Depth,  500  feet.  Casing, 
6-inch  for  30  feet.  Water  stands  at  —13  feet.  Report-ed  to  carry 
much  sulphur.  Used  in  boilers  at  mill.  Gives  no  crust.  Supply 
reported  inexhaustible.  Record:  (Hay,  0  to  30  feet;  blue  rock,  30  to 
300  feet;  sand,  with  o(*casional  strata  of  blu(^  rock  10  inches  to'  3  feet 
thick,  3()()  to  500  feet. 

Well  of  W.  M.  Wedgworth.  Bored  by  Sample  &  Morrison  in 
181)0  or  10(K).  Depth,  200  feet.  Casing,  4^-inch.  Flowing  water, 
rising  to  -flO  feet,  encountered  at  140  feet.  Volume  constant. 
Decided  improvement  in  health  of  users.  Yield,  18  gallons  per  min- 
ute. Temperature,  <'>8°.  Record:  Sand  and  gravel,  0  to  30  feet;  blue 
rock,  30  to  140  feet ;  san<l  and  water,  140  to  150  feet ;  blue  rock,  150  to 
190  feet;  sand  and  wat(M-,  190  to  200  feet. 
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Mr.  William  Withers  states  that  borings  have  been  made  in  this 
basin  to  depths  of  from  75  to  1,600  feet.  The  shallow  wells  furnisli 
abundant  water  for  domestic  purposes,  while  those  from  500  to  800 
feet  give  abundant  water  for  industrial,  manufacturing,  and  irriga- 
tion purposes. 

Six  miles  west  of  Greensboro  is  the  well  of  Cheney  Borden,  lH)red 
by  Kinnaird  A  Sample  in  1901.  Depth,  4<K)  feet.  Diameter,  'J 
inches.     "Water  stands  at  —40  feet.     Used  two  months  and  abandone<l . 

Ten  miles  southeast  of  Greensboro  four  artesian  wells  an*  reported 
to  lie  located  at  a  mill.  The  records  are  lost,  hut  the  wells  are  said  to 
be  from  450  to  850  feet  deep.  One  of  them  is  stated  to  be  12  inches  in 
diameter  and  to  yield  the  coldest  water  in  Alabama.  The  mill  is  run 
entirely  by  these  wells,  which,  according  to  reports,  have  not  shown 
any  decrease  in  flow  in  fifty  years. 

About  2^  miles  southwest  of  Greensboro,  at  the  Jenkins  i)laee,  is 
the  well  of  Lee  Otts,  bored  by  Morrison  in  1903.  Depth,  G(M)  feet. 
Casing,  3  inch.  Water  stands  at  —  7  feet.  Well  abandoned.  Record : 
Sand,  0  to  22  feet;  blue  rock,  22  to  400  feet;  pink  soapstone,  400  to 
600  feet.     Water  is  from  a  stratum  of  sand  in  the  blue  rock. 

(hreenwood. — Well  No.  1.  Allen  Wilson  plact^  one-half  mile  west 
of  town.     Flow,  2^  gallons  per  minute.     Temperature,  68"". 

Well  No.  2.  One  and  one-half  miles  west  of  town.  Flows  4^  gal- 
lons per  minute.    Temperature,  67°. 

Four  or  five  miles  southwest  of  Greenwood  is  the  well  of  E.  W. 
Degraffeureid.  This  is  an  old  well,  but  is  still  flowing.  Yield,  2:^ 
gallons  per  minute.     Temperatui*e,  68°. 

Three  miles  north  of  east  of  Greenwood  is  the  well  of  Miss  K.  C. 
Mays,  bored  by  Kinnaird  <fc  Sample  in  1902.  Depth,  200  feet. 
Diameter,  3  inches.  Flowing  water  at  160  feet.  Estimated  volume, 
65  gallons  i)er  minute.  Flow,  constant.  Temperature,  67°.  lieeord : 
Soil,  etc.,  0  to  40 feet;*  blue  rock,  40  to  160  feet;  sand  with  water,  160 
to  200  feet. 

From  3  to  5  miles  southwest  of  Greenwood  are  six  wells  of  E.  L. 
Kimbrough.  Well  No.  1  ("Camp  well")  is  one-fourth  of  a  mile  east 
of  Jx>ek  No.  4,  in  pasture.  Bored  by  Morrison.  Depth,  160  feet. 
Diameter,  3  inches.  Flowing  water,  rising  to  -f4  feet  from  depth  of 
140  feet.  Volume,  40  gallons  per  minute.  Flow,  constant.  Tern- 
perature,  67°.  Record:  Soil  and  clay,  0  to  53  feet;  blue  rock,  53  to 
1*J0  feet;  sand  and  water,  130  to  140  feet;  hard  white  rock,  140  to  160 
feet. 

Kimbrough  well  No.  2  ("New  Ground  well ")  is  located  in  swamp  \\ 
miles  east  from  Lock  No.  4.  Originally  l)ore<l  by  hand  and  afterwards, 
in  1898,  deepened  by  Morrison  to  160  feet.  Casing,  6  inches  for  30 
feet.  Estimated  original  flow  at  +3  feet,  35  gallons  per  minute; 
present  flow,  12  gallons  per  minute.  Temperature,  67°. 
Kimbrough  well  No.  3  ("  Uiiland  Pasture  well")  was  bored  by  Mor- 
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rison  in  1898.  Depth,  1  GO  feet.  Casing,  4^-inch.  Flowing  water  at 
140  feet.  Estimated  original  volume,  20  gallons  per  minute.  Pres- 
ent flow,  17  gallons  per  minute.     Temperature,  68°. 

Kimbrough  well  No.  4('*River  Field  well")  was  bored  by  J.  I. 
Hawk  in  1896.  Depth,  185  feet.  Flowing  water  at  175  feet.  Yield, 
12  gallons  per  minute.     Temperature,  68°.     Record:  Clay  and  soil, 

0  to  10  feet;  quicksand,  10  to  40  feet;  blue  rock,  40  to  185  feet. 

Kimbrough  well  No.  5  ("  House  Lot  well ")  was  bored  by  J.  I.  Hawk 
in  1898.  Depth,  272  feet.  First  water  at  175  feet.  Flowing  water 
at  240  feet.  Estimated  original  volume,  18  gallons  per  minute;  pres- 
ent volume,  3  gallons  per  minute.  Ten^erature,  68°.  Record :  Sand, 
clay,  and  gravel,  0  to  25  feet;  blue  rock,  25  to  175  feet;  remainder 
unrecorded. 

Kimbrough  well  No.  6  (*'Mill  well")  was  bored  by  J.  I.  Hawk. 
Volume,  17  gallons  per  minute.     Temperature,  68°. 

Three  miles  southwest  of  Greenwood,  on  the  road  to  Lock  No.  4,  is 
Governor  Seay's  well,  drilled  about  1897.  Depth,  198  feet.  Casing, 
6-inch  to  30  feet.  Flows  at  -f  3  feet.  Yield,  15  gallons  per  minute, 
Temperature,  66°. 

One-half  mile  west  of  Greenwood  are  two  old  wells,  bored  by  hand, 
one  yielding  2i  the  other  4^^  gallons  per  minute.     Temperature,  68^ 

One  mile  east  of  Greenwood  is  the  well  of  W.  E.  Wedgworth,  bored 
by  Sample  in  1902.  Depth,  210  feet.  Casing,  3  inches.  Flowing 
water,  rising  to  +5  feet,  obtained  at  170  feet.  Flow,  18  gallons  per 
minute.  Temperature,  67°.  Record:  Soil  and  clay,  0  to  40  feet; 
blue  rock,  40  to  170  feet;  sand  with  water,  170  to  210  feet. 

About  li  miles  east  of  Greenwood  is  the  well  of  W.  E.  Wedgwortb, 
on  the  old  Wedgworth  place.     Flows  at  +  4  feet.     Yield,  35  gallons 
per  minute.     Temperature,  67°.     Other  data  similar  to    preceding 
well. 

Lmieville. — Two  wells,  one  710  and  one  719  feet  deep,  belonging  t^ 
B.  L.  Garber,  were  reported  in  1899.  Others  have  since  been  drille<5 
20  to  40  feet  deeper.  Both  of  the  wells  mentioned  flow.  Temper- 
a  til  re,  75°. 

Garbet  Brothers  are  reported  to  own  four  wells,  bored  by  J.  I.  Hawk 
Well  No.  1  is  715  deep  and  flows  10  gallons  per  minute.  No.  2  is  30( 
feet  deep  and  flows  15  gallons  per  minute.  No.  3  is  715  feet  deep  an( 
flows  7  gallons  per  minute.  No.  4  is  750  feet  deep.  Water  stands  a 
—  20  feet.  The  blue  rock  is  reported  to  be  350  feet  thick.  The  al>ov< 
wells  may  include  the  B.  L.  Garber  wells. 

Mays  Station. — Well  of  Madison  Jones,  jr.  (No.  1).  Bored  by  J.  1 
Hawk,  1899.  Located  at  the  station.  Depth,  216  feet.  Casing,  6-inch 
Flow,  60  gallons  per  minute.  Volume  constant.  Temperature,  69*^ 
Well  is  entirely  within  the  Eutaw  sands.  Record:  Cla3%  0  to  12  feet 
blue  rock,  12  to  170  feet;  sand  and  water  with  thin  strata  of  blu 
rock,  170  to  216  feet. 
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Well  of  Madison  Jones,  jr.  (No.  2).  Bored  170  feet  by  hand,  and 
completed  by  J.  I.  Hawk  in  1899.  Located  one-half  mile  south  of  the 
station.  Depth,  285  feet.  Casiog,  5-inch.  Yield,  22  gallons  per 
minnte.    Volome  constant.     Temperature,  69°. 

Government  well  at  Lock  No.  4,  one  mile  west  of  Mays  Station. 
Drilled  in  1899.  Diameter,  3  inches.  Depth,  185  feet.  Flows  '30  gal- 
lons per  minute.  Twenty  per  cent  decrease  in  flow  first  year.  Well 
is  entirely  in  the  Eutaw  sands. 

MUlwood. — Well  on  Pickens  place.  Depth,  236  feet.  Diameter, 
1\  inches.  Flows  850  gallons  per  minute.  Quality  good.  Starts  in 
the  Selma  chalk  and  obtains  its  water  from  the  Eutaw  sands.  Tem- 
perature, 72"".  Thip  is  one  of  a  number  of  very  large  wells  that  were 
reported  a  number  of  years  ago.  No  records  are  now  obtainable. 
The  water  from  several  of  these  wells  is  collected  in  a  pond  and  used 
for  power  in  running  saw,  gristmill,  and  gin. 

Well  of  Wiley  Tunstall  (No.  1).  Located  300  yards  northwest  of 
house,  across  pond.  Bored  by  Kinnaird  &  Sample,  1901.  Depth, 
330  feet.  Casing,  6-inch.  Flowing  water  obtained  at  300  feet.  Origi- 
nal volume  estimated  at  40  gallons  per  minute.  Present  volume,  30 
gallons  per  minute,  flowing  3  feet  above  surface.  Temperature,  66°. 
Record:  Soil,  0  to  40  feet;  blue  rock,  40  to  300  feet;  sand  and  water, 
30O  to  330  feet. 

Well  of  Wiley  Tunstall  (No.  2).  Four  hundred  yards  north  of 
konse.  Bored  by  Kinnaird  &  Sample  to  300  feet  in  1901,  and  deep- 
ened to  500  feet  in  1902.  Depth,  500  feet.  Casing,  6-inch.  Flow  in 
19<>2, 75  gallons  per  minute.  Te  nperature,  68°.  The  water  is  reported 
to  have  mineral  properties.  Record:  Soil,  0  to  40  feet;  blue  rock,  40 
to 240  feet;  sand,  water,  etc.,  240  to  500  feet. 

Well  of  Wiley  Tunstall  (No.  3).  Seventy  yards  northwest  of  mill 
loose.  Bored  by  Kinnaird  &  Sample  in  1902.  Depth,  5(K)  feet.  Ceas- 
ing, 4^  inches.  Flowing  water  from  260  feet.  Volume  at  +2  feet,  75 
gallons  i)er  minute.  Temperature,  68°.  Record:  Soil,  0  to  50  feet; 
blue  rock,  50  to  260  feet;  sand  and  water  with  thin  strata  of  blue 
rock,  260  to  5(X)  feet. 

Well  of  Wiley  Tunstall  (No.  4).  Eighty  yards  west  of  house. 
Bored  by  Kinnaird  <&  Sample,  1902.  Depth,  500  feet.  Casing,  4^ 
inches.  First  flowing  water  at  260  feet.  Present  yield  at  -f2  feet,  75 
gallons  per  minute.  Temperature,  68"".  Record:  Soil,  0  to  50  feet; 
blue  rock,  50  to  260  feet;  sand  and  water  with  thin  strata  of  blue 
rock,  260  to  600  feet. 

Well  of  Wiley  Tunstall  (No.  5).  Jeffrey  place ;  pasture  well.  Bored 
by  Kinnaird  &  Sample,  1002.  Depth,  unknown.  Diameter,  3  inches. 
Present  yield,  9  gallons  per  minute.     Temperature,  69". 

Well  of  Wiley  Tunstall  (No.  6).  Jeffrey  place,  near  George  Tay- 
lor's store,  3  miles  east  of  town.  Bored  by  Kinnaird  &  Sample,  1002. 
Depth,  360  feet.     Casing,  3-inch.     Flowing  water  at  300  feet,  rising 
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to  +2  feet.     Estimated  original  volume,  6  gallons  per  minute.     Pres- 
ent volume,  3  gallons  per  minute  (much  leakage).     Temi)erature,  70°. 

Well  of  Wiley  Tunstall  (No.  7).  At  Grindle  Pond,  2  miles  north 
of  town.  Bored  by  Kinnaird  &  Sample,  1902.  Depth,  200  feet. 
Casing,  3-inch.  Flowing  water  at  120  feet.  Present  yield,  38  gallons 
per  minute  at  +2  feet.     Temperature,  66°. 

MoundvUle. — Three  miles  northwest  of  Moundville,  po&sibly  in 
Tuscaloosa  County,  is  the  well  of  T.  B.  Allen,  bored  by  W.  II.  Martin 
in  1903.  Depth,  275  feet.  First  flowing  water  at  234  feet.  Casing, 
3  and  1^  inches.  Lower  end  of  pipe  closed  and  sides  perforated  with 
35  holes.  Yield,  45  gallons  per  minute.  Temperature,  65°.  Water 
stands  at  +4^  feet.  Record:  Clay  and  gravel,  0  to  60  feet;  blue 
rock,  60  to  234  feet ;  sand  and  water,  234  to  275  feet. 

Well  of  J.  A.  Elliott  <fc  Son.  Bored  by  Morrison  in  1899.  Depth, 
600  feet.  Water  at  450  feet.  The  water  rose  to  —1  foot  and  pumping 
was  necessary  for  five  minutes.  On  stopping  the  pumping  the  well 
began  to  flow  and  has  since  continued.  Yield,  1  gallon  per  minute. 
Temi)erature,  67°.  Well  in  Tuscaloosa  formation.  Record:  Soil  and 
clay,  0  to  50  feet;  sand  rock,  50  to  54  feet;  pink  soapstone,  54  to  ^ 
feet;  hard  rock,  300  to  310  feet;  sand  and  water  with  occasional  thin 
strata  of  rock,  310  to  600  feet. 

Well  of  R.  L.  Griffin.  Bored  by  W.  H.  Martin  in  1903.  Depth, 
480  feet.  Casing,  70  feet  of  3-inch  and  360  feet  of  li-inch.  Water 
at  375  feet  ?ose  to  —1  foot.  Water  at  480  feet  rose  to  -flG  feet. 
Present  yield,  10  gallons  per  minute.  Temperature,  67°.  Water  used 
in  several  houses.  Record:  Clay,  0  to  70  feet;  blue  rock,  70  to  375 
feet. 

Newheni, — Well  of  Farmers'  Gin  and  Warehouse  Company.  Bored 
by  J.  I.  Hawk.  Depth,  485  feet.  Flows  3  gallons  per  minute.  Starts 
in  the  Rotten  limestone.     Water  supply  from  the  Eutaw  sands. 

Well  on  Irviu's  plautaticm,  2J  miles  northeast  of  Newbern.  Bored 
by  J.  I.  Hawk  in  1899.  Depth,  300  feet.  Water  stands  at  —27  feet. 
Quality  ji^ood.  No  blue  rock  was  encountered.  Well  starts  in  the 
Rotten  limestone.     Water  supply  from  the  Eutaw  sands. 

Well  of  W.  II.  Landis.  Bored  by  J.  I.  Hawk.  Depth,  300  feet- 
Water  stands  at  —28  feet.  Well  stiirts  in  the  rotten  limestone- 
Water  supply  from  the  Eutaw  sands. 

Well  of  Mr.  London,  6  miles  southw<*st  of  Newbern.     Bored  1» 
Kinnaird   &   Sample    in    1002.      Depth,    500   feet.      Casing,    3-inc^ 
Water,  overflowing  in  three  days,  was  obtained  at  5(X)  feet.     Reeor* 
Soil,  0  t^)  8  feet;  blue  rock  with  occasional  strata  of  sand,  8  to  5^ 
feet. 

Well  of  Andrew  Moon^,  near  Newbern.  Bored  by  J.  I.  Hawf^ 
Depth,  30  )  feet.  Fl  >ws  8  gallons  per  iminute.  Well  starts  in  th^ 
Rotten  limestone.     Water  supply  from  Eutaw  sands. 

Well  of  A.  J.  Moore,  2  miles  south  of  Newbern.     Bored   by  J.  I 
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Hawk,  1900.     Depth,  500  feet.     Flows  8  gallons  per  minute.     Blue 

rock  was  encountered  at  12  feet  and  continued  to  137  feet.     Well 

starte  in  the  Rotten  limestone.     Water  supply  from  the  Eutaw  sands. 
Well  of  D.  L.  Moore  (No.  1).     Bored  by  J.  I.  llawk.     Depth,  300 

feet.    Flows  28  gallons  per  minute. 
Well  of  D.  L.  Moore  (No.  2).     Bored  by  J.  I.  Hawk.     Depth,  410 

feet.    Flows  35  gallons  per  minute.     Both  wells  start  in  the  Rotten 

limestone.     Water  supplies  from  the  Eutaw  sands. 
Well  of  W.  P.  Nelson,  2^  miles  southwest  of  Newbern.     Bored  by 

J.  L'Hawk.     Depth,  500  feet.     Flows  8  gallons  per  minute.     Blue 

roclc  200  feet  thick,  beginning  at  20  feet.     Well  starts  in  the  Rotten 

limestone.     Water  supply  from  the  Eutaw  sands. 
Well  of  Pollard  Brothers.     Bored  by  J.  I.  Hawk.     Well  probably 

W  or  more  feet  deep.  Blue  rock  at  22  feet,  80  feet  thick.  Water 
stands  at  —18  feet.  Well  starts  in  the  Rotten  limestone.  Supi)ly 
from  the  Eutaw  sands. 

Well  of  W.  R.  Tubbs.  Bored  by  J.  I.  Hawk,  1900.  Depth,  300 
feet.  Water  stands  at  —28  feet.  Blue  rock  at  20  feet,  85  feet  thick. 
Well  starts  in  the  Rotten  limestone.  Water  supply  from  the  Eutaw 
sands. 

Well  of  R.  A.  White.  Bored  by  J.  I.  Hawk,  1900.  Depth,  300 
feet.  Water  stands  at  —22  feet.  Eighty-five  feet  of  blue  rock 
beginning  at  20  feet.  Well  starts  in  the  Rotten  limestone.  Water 
snpply  from  the  Eutaw  sands. 

Well  (owner  unknown),  at  Newbern,  reported  to  be  475  feet  in 
depth,  with  water  rising  to  +4  feet  and  flowing  30 gallons  per  minute. 
Blue  rock  80  feet  thick. 

Powers. — Well  of  John  Findlay.  Bored  by  W.  V.  Morrison. 
Depth,  406  feet.  Casing,  3-inch.  Flow  from  330  feet.  Yield,  7i  gal- 
lons per  minute.  Volume  constant.  Water  rises  to  +  25  feet.  Tem- 
perature, 68"*.  Record:  Soil  and  clay,  0  to  50  feet;  ])lue  rock,  50  to 
250  feet;  sand  and  water,  with  thin  strata  of  rock,  250  to  406  feet. 

Well  on  Warrior  River  near  Powers.  Bored  ]\v  Cristie,  Lowe, 
and  Haywood.  Depth,  333  feet.  Diameter,  3  inches.  Present  yield, 
12  gallons  per  minute.     Water  has  milky  appearance  and  a  slightly 

disagreeable  taste. 
Powers  Station. — Well  at  Lock  Xo.  6.     Drilled  in  IJKK).     Diamctc^r, 

3  inches.     Depth,  333  feet.     A  flow  of  25  gallcms  per  minute  of  ji:oo(l 

water  was  obtained,  but  volume  decreased  50  per  cent  the  first  year. 

The  well  is  entirely  in  the  Tuscaloosa  beds. 
SawyennUe. — E.  L.  Kimbro  has  two  deep  wells  bored  ])y  J.  I.  Hawk. 
Three  miles  west  of  Sawj^erville  is  the  well  of  Jack  Manette  (No.  1 ). 

Located  at  mill.     Bored  by  Sample  &  Morrison,  1897.     Depth,  640  feet. 

Diameter,   3  inches.     Water  stands  at   —8  feet.     Level  constant. 

Record:  Sand,  0  to  10  feet;  blue  rock,  10  to  450 feet;  sand  and  water, 

with  thin  strata  of  blue  rock,  450  to  G(X)  feet;  pink  soapstone,  600  to 

640  feet. 
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Well  of  Jack  Manette  (No.  2).  Located  at  house.  Bored  by  Sample 
in  1901.  Depth,  440  feet.  Flowing  water  from  bottom.  Yield,  17 
gallons  per  minute.     Volume  constant.     Temperature,  70°. 

Well  of  Jack  Manette  (No.  3).  Located  at  mill.  Bored  by  Sample. 
Depth,  440  feet.  Diameter,  3  inches.  Water  stands  at  constant 
height  of  —10  feet. 

Well  of  Jack  Manette  (No.  4).  Locateil  at  mill.  Bored  by  Smith. 
Depth,  435  feet.  Diameter,  3  inches.  Water  stands  at  constant 
height  of  -10  feet. 

Well  of  Jack  Manette  (No.  5).  One-fourth  of  a  mile  east  of  Lock 
No.  3.  Bored  by  Smith.  Depth,  360  feet.  Flows  about  4  gallons  per 
minute  from  1^-inch  pipe.     Temperature,  69°. 

Well  of  Jack  Manette  (No.  6).  One-half  of  a  mile  northeast  from 
Lock  No.  3.     Drilled  by  Smith.     Data  lacking. 

Stewart.— Well  of  C.  D.  Cummings.  Depth,  620  feet.  Flows  8 
gallons  per  minute.  Water  salty.  Altitude  of  well,  155  feet.  Tem- 
perature, 68°.     Well  entirely  in  Tuscaloosa  beds. 

Well  of  C.  D.  Cummings  (No.  1).  Ijocated  at  house.  Bored  by 
Morrison,  1897.  Depth,  605  feet.  Diameter,  3  inches.  Water  rising 
to  +35  feet  obtained  at  600  feet.  Flow,  6  gallons  per  minute.  Vol- 
ume constant.  Temperature,  66°.  Water  hard.  Record:  Soil  and 
clay,  0  to  30  feet;  pink  soapstone,  30  to  600  feet.  (This  may  be  the 
same  well  as  the  preceding.) 

Well  of  C.  D.  Cummings  (No.  2).  Located  250  yards  north  of 
house.  Bored  by  Morrison,  1900.  Depth,  400  feet.  Diameter,  3 
inches.  Water  rising  at  +30  feet  obtained  at  350  feet.  Decidedly 
mineral,  with  odor  of  hydrogen  sulphide.     Record  as  in  No.  1. 

Well  of  C.  1).  Cummiugs  (No.  3).  Located  300  yards  north  of 
house.  Bored  by  Morrison,  1897.  Depth,  303  feet.  Diameter  3 
inches.  Water  rising  to  +30  feet  obtained  at  300  feet.  Flow,  2  gal- 
lons per  minute.  Volume  constant.  Temperature,  67°.  Water  hard 
and  decidedly  mineral.     Record  as  in  No.  I. 

About  2k  miles  east  of  Stewart  is  the  well  of  W.  H.  Martin,  bored 
by  Martin  and  Morrison.  Depth,  550  feet.  Diameter,  3  inches. 
Water  stands  at  —39  feet.  Level  constant.  Record:  Soil  and  clav. 
0  to  30  feet;  sand  and  gravel,  30  to  400  feet;  rock,  400  to  402  feet 
black  mud,  402  to  412  feet;  rock, 412  to  413  feet;  successive  strata  ol 
rock  and  black  or  red  mud  to  550  feet. 

At  Lock  No.  5,  between  Stewart  and  Akron,  is  a  well  drilled  ir 
1899.  Diameter,  3  inches.  Depth,  160  feet.  Flows  60  gallons  pei 
minute  of  good  water.     Well  entirely  in  Tuscaloosa  beds. 

Another  well  (owner  unknown)  is  reported  to  be  600  feet  deep,  th< 
water  standing  at  +8  feet. 

Sunshine. — Well  (owner  unknown)  reported  to  have  been  bored  b^ 
J.  L  Hawk  to  a  depth  of  300  feet.  Flows  12  gallons  per  minute 
Blue  rock  at  18  feet;  thickness,  185  feet. 
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Lock  No.  ^.—Drilled  in  1903.  Depth,  400  feet.  Casing,  3-inch. 
Weak  overflow  from  depth  of  300  feet.  Estimated  yield,  30  gallons 
perminnte.  Temperature,  67°.  Record:  Soil  and  clay,  0  to  20  feet; 
blue  rock,  20  to  280  feet;  sand  with  water,  280  to  400  feet. 

Lock  No.  4.— Well  No.  1.  Bored  by  Morrison,  1900.  Depth,  280 
feet.  Casing,  40  feet  of  3inch.  First  flowing  water  at  200  feet. 
Estimated  original  volume,  35  gallons  per  minute.  Present  yield,  18 
gallons  per  minute.  Temperature,  6G°.  Water  rises  to  +24  feet. 
Record:  Sand  and  gravel,  0  to  50  feet;  blue  rock,  50  to  160  feet;  sand 
with  water  alternating  with  thin  strata  (10  to  12  feet)  of  blue  rock, 
160  to  280  feet. 

Well  No.  2.  Bored  by  N.  A.  Yuille.  Located  on  west  bank  of 
river.    Covered  by  water  in  times  of  flood.     Data  not  obtainable. 

Lock  No.  ^.— Well  No.  1.  Bored  by  Morrison,  1900.  Depth,  316 
feet.  Flowing  water,  rising  to  —  24  feet,  obtained  at  296  feet.  Orig- 
inal volume,  30  gallons  per  minute.  Present  volume,  about  2  gallons 
per  minute.  Temperature,  65**.  Record:  Sand  and  gravel,  0  to  50 
feet;  soapstone,  50*to  200  feet;  water  and  sand,  with  occasional  thin 
strata  of  rock,  200  to  316  feet. 

Well  No.  2.  Bored  by  Morrison,  1900.  Depth,  336  feet.  Volume, 
6  gallons  per  minute,  said  to  be  variable.     Temperature,  65°. 

HOUSTON   COUNTY. 

Columbia. — Well  (owner  unknown)  bored  by  Harrington  in  1892. 
Depth,  485  feet.  Casing,  8  and  6  inch  to  bottom.  Water  rose  to  —8 
feet.  An  excavation  was  made  to  obtain  a  flow.  Yield,  50  gallons 
per  minute.     Considered  very  fine  water.     Analysis  shows  magnesia. 

Dothan. — City  Water  Company's  well  (No.  1)  bored  hy  C.  A.  Ray, 
of  Providence,  R.  I.,  in  1896.  Total  depth,  625  feet.  Water  stands 
at  —150  feet.  Yield  with  air  lift,  200  gallons  per  minute.  Water 
excellent.  Casing,  8  inch  to  about  300  feet,  remainder  6  inch.  Flow 
has  increased,  the  well  now  yielding  50  gallons  per  minute.  Tempera- 
ture, 72°. 

City  Water  Company's  well  (No.  2).  Bored  5  feet  from  first. 
Depth  unknown,  but  no  water  was  obtained. 

JACKSON    COUNTY. 

Carpenter. — A  well  was  bored  to  a  depth  of  400  feet  for  coal. 
Unsuccessful. 

JLarkinsvUle. — A  well  was  bored  to  a  depth  of  400  feet  for  coal. 
Unsuccessful. 

JEFFERSON    COUNTY. 

Birmingham. — Well  of  Pioneer  Mining  and  Manufacturing  Com- 
pany, near  Birmingham.  Depth,  550  foot.  Water  stands  at  —30 
feet.  Yield,  100,000  gallons  in  twenty-four  hours.  Temperature, 
62**.     Reported  in  1899. 
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Pratt  City. — There  are  at  least  two  wells  furnishing  the  city  water 
supply.  These  were  originally  280  and  352  feet  deep,  but  it  is  reported 
that  they  have  since  been  deepened.  The  capacity  of  the  two  was  450 
gallons  per  minute. 

LAWRENCE   COUNTY. 

Jennhujs, — Well  3  miles  southeast  of  Jennings,  in  sec.  20,  T.  7,  R. 
H  W.  Natural  gas  at  335  feet  and  at  500  feet,  petroleum  at  1,355 
and  1,509  feet  and  salt  water  at  501  feet.  Total  depth,  2,120  feet. 
Well  originally  j'ielded  sufficient  gas  to  furnish  a  flame  10  feet  high 
from  a  6-ineh  pipe.  Twenty-five  barrels  of  oil  a  day  were  obtained  at 
the  start,  but  the  oil  was  later  drowned  out  bj^  water. 

LAUDERDALE   COUNTY. 

Florence, — A  well  was  bored  for  gas  at  this  place  to  a  depth  of  400 
feet,  under  the  supervision  of  T.  H.  Allen.  Said  to  be  only  deep  bor- 
ing in  region. 

MACON  COUNTY.  * 

Armstrong. — A  well  is  reported  to  have  been  drilled  at  this  point  to 
a  depth  of  440  feet  with  good  results. 

Fort  Davis. — Well  on  J.  L.  Roberts's  place.  Bored  by  D.  A.  Clayton. 
Depth,  422.  Water  stands  at  —62  feet.  Casing,  4  inches.  Record: 
Sand,  2  feet;  clay,  22  feet;  marl,  24  to  80  feet;  shells  at  80  feet;  marl, 
with  rock  3  to  12  inches  thick  every  5  or  8  feet,  to  134  feet;  sand, 
with  rock  l>eds  from  5  to  12  inches  thick,  140  to  156  feet;  marl,  will 
rock  from  3  to  20  inches  thick,  172  to  356  feet;  gray  sand  at  356  feet 
marl,  with  several  beds  of  rock  from  3  to  21  inches  thick,  356  to  •^'-• 
feet. 

Roha. — .A  well,  450  feet  in  depth,  is  reported  to  have  yielded  g^^ 
results  at  this  place. 

Tu^skeyee. — Two  wells,  each  760  feet  deep,  8  inches  in  diametci 
and  one  500  fei»t  deep  and  6  inches  in  diameter,  are  reported  to  liH^ 
been  drilled  by  the  city,  but  were  unsuccessful. 

MADISON   COUNTY. 

Xf'innarkf'l. — Well  at  this  point  is  reported  to  be  065  feet  de^l 
Casing,  140  feet  of  2-inch  pipe.  Fresh  water  was  found  at  22  fet* 
sulphur  water  at  118  feet  and  700  feet.  Well  now  flowing.  T^ 
rocks  from  190  to  700  feet  give  an  odor  of  petroleum." 

MARENGO   C'OI^NTY. 

Drmopol'iH. — J.  G.  C'hisholm  rej)orted  in  1808  two  wells,  765  an<l  7* 
feet  deep,  with  diameters  3  and  4  inches,  respectively.  Water  risiti 
to  +20  and  +12  feet  and  yielding  30  and  15  gallons  per  minut* 
respectively.     Temperature,  ()4''. 
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)f  City  Water  Company.  Depth,  835  feet.  Water  supply 
+20  feet  and  yielding  60  gallons  per  minute  from  825  feet, 
irts  in  the  Rotten  limestone.  Water  supply  from  Eutaw 
The  first  water  was  obtained  at  620  feet,  barely  rising  to  the 
and  yielded  only  15  gallons  per  minute.  At  825  feet  the 
(apply  was  obtained.  Record:  Limestone,  65  feet;  sandstone 
4  inches;  limestone,  35  feet;  sandstone,  3  inches;  limestoiieV 
;  sandstone,  2  feet;  first  water-bearing  sand,  30  feet;  hard 
le,  14  inches;  second  water-bearing  sand,  220  feet. 
dale. — Five  wells  owned  by  Mims  Walker.  Depths,  450,  450, 
and  830  feet.  They  start  in  the  Rotten  limestone  and  obt*ain 
ter  from  the  Eutaw  sands.  Four  of  the  wells  overflow  with 
cams.  The  yield  of  one  is  15  to  20  gallons  per  minute,  others 
)e  exhausted  by  deep-well  pump.  In  the  830-foot  well  a  wind- 
;  a  5,000-gallon  t>ank  in  twelve  hours  with  no  decrease  in 

3^  miles  north  of  Faunsdale  is  a  well  reported  to  be  700  feet 
elding  8  gallons  per  minute  at  +2A  feet.     Blue  rock,  230  feet 

'I. — Well  at  court-house  1^  inches  in  diameter.  Depth,  1,200 
epth  of  principal  water  supply,  1,115  feet.  Water  rises  about 
;e,  but  is  pumped  for  use.  Quality,  salty.  Yield,  20  gallons 
ate.  Starts  in  the  Ripley  formation  and  obtains  its  water 
rom  the  Eutaw  sands.     Temperature,  73°. 

MARSHALL   COUNTY. 

rsvilh, — A  well  1,006  feet  in  depth,  8-fJ  inches  in  diameter, 
er  having  a  temperature  of  OO"  is  reported. 

MOBILE   COUNTY. 

kiiues. — A  well  at  Fort  (iaines  was  (completed  November  12, 
iameter,  G  inches.     Total  depth,  lU!)  feet. 

Recortl  of  icvU  at  Fort  Gaiin's,  Atn. 


d 
i. 


ThicknesH. 


Feet. 


(verv  fine) 


10 
60 
6 
95 
20 
41 
45 


rO0—O4 


i^O 


Total 
depth. 


Feet. 


10 
70 
76 
171 
191 
232 
277 


i 
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Record  of  well  at  Fort  Ckiines,  Ala, — Continned. 


Tbicknem. 


Blue  sand 

Bine  clay. 

Limestone  ( U  feet) 

Gray  sand  (salt  water) 

Sandstone  (very  hard) . .  _ 

Gravel 

Gumbo  clay 

Gray  sand 

Blue  clay 

Gray  sand 

Gravel 

Blue  clay .    .     

Water-bearing  sand  (strainer  landed  in  this) 


Feet. 

30 

10 

2 

55 

5 

5 

30 

110 

60 

50 

10 

145 

95 


To 
dep 


/>4 


MohUe, — The  Mobile  Oil  Conipanj^'s  well  No.  1,  or  Bascom  well  ^ 
1,  is  located  a  mile  or  two  from  the  ooiirt-houHe. 

Record  of  well  of  Mobile  Oil  Company  {Baavom  well  No.  1)  <it  Molnle,  Ala. 


Thickness. 


Upper  soil 
Blue  clay. 
Lignite 


Feet. 


Tot* 
dept 


Fer\ 


Blue  clay  and  sand  . 

Coarse  whit«  sand  . .       ...     

Gravel .     

Stiff  blue  clay _ . . . 

Blue  sand 

Bine  shale  and  fragment*  of  shells 

Blue  clay. 

Sand - 

Blue  clay 

Coarse  white  sand 

Blue  shale  and  shells 

Blue  shale. 

Sandstone 

Gravel 

Gumbo    


15 

10 
o 

75 

15 

35 
oo 

6 
22 
52 

5 
15 
46 
20 
35 

3 

1 
15 
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Well  of  Madison  Jones,  jr.  (No.  2).  Bored  170  feet  bj'  hand,  and 
completed  by  J.  I.  Hawk  in  1890.  Located  one-half  mile  south  of  tlie 
station.  Depth,  285  feet.  Casiog,  5-inch.  Yield,  22  gallons  per 
minnte.     Volume  constant.     Temperature,  69*^. 

Government  well  at  Lock  No.  4,  one  mile  west  of  Mays  Station. 
Drilled  in  1899.  Diameter,  3  inches.  Depth,  185  feet.  Flows  30  gal- 
lons per  minute.  Twenty  per  cent  decrease  in  flow  first  year.  Well 
is  entirely  in  the  Eutaw  sands. 

MUluKHjd. — Well  on  Pickens  place.  Depth,  236  feet.  Diameter, 
7J  inches.  Flows  850  gallons  per  minute.  Quality  good.  Starts  in 
the  Selma  chalk  and  obtains  its  water  from  the  Eutaw  sands.  Tem- 
perature, 72°.  This  is  one  of  a  number  of  very  large  wells  that  were 
reported  a  number  of  years  ago.  No  records  are  now  obtainable. 
The  water  from  several  of  these  wells  is  collected  in  a  pond  and  used 
for  power  in  running  saw,  gristmill,  and  gin. 

Well  of  Wiley  Tunstall  (No.  1).  Located  300  yards  northwest  of 
house,  across  pond.  Bored  by  Kinnaird  &  Sample,  1901.  Depth, 
330  feet.  Casing,  6-inch.  Flowing  water  obtained  at  300  feet.  Origi- 
nal volume  estimated  at  40  gallons  per  minute.  Present  volume,  30 
gallons  per  minute,  flowing  3  feet  above  surface.  Temperature,  66°. 
Record:  Soil,  0  to  40  feet;  blue  rock,  40  to  300  feet;  sand  and  water, 
300  to  330  feet. 

Well  of  Wiley  Tunstall  (No.  2).  Four  hundred  yards  north  of 
house.  Bored  by  Kinnaird  &  Sample  to  300  feet  in  1901,  and  deep- 
ened to  500  feet  in  1902.  Depth,  500  feet.  Casing,  6-inch.  Flow  in 
1902,  75  gallons  per  minute.  Te  nperature,  68°.  The  water  is  reported 
to  have  mineral  properties.  Record:  Soil,  0  to  40  feet;  blue  rock,  40 
to  240  feet;  sand,  water,  etc.,  240  to  500  feet. 

Well  of  Wiley  Tunstall  (No.  3).  Seventy  yards  northwest  of  mill 
house.  Bored  by  Kinnaird  &  Sample  in  1902.  Depth,  500  feet.  Cas- 
ing, 4^  inches.  Flowing  water  from  260  feet.  Volume  at  +2  feet,  75 
gallons  per  minute.  Temperature,  68°.  Record:  Soil,  0  to  50  feet; 
blue  rock,  50  to  260  feet;  sand  and  water  with  thin  strata  of  blue 
rock,  260  to  500  feet. 

Well  of  Wiley  Tunstall  (No.  4).  Eighty  yards  west  of  house. 
Bored  by  Kinnaird  ife  Sample,  1902.  Depth,  500  feet.  Casing,  4^ 
inches.  First  flowing  water  at  260  feet.  Present  yield  at  +2  feet,  75 
gallons  per  minute.  Temperature,  68°.  Record:  Soil,  0  to  50  feet; 
blue  rock,  50  to  260  feet;  sand  and  water  with  thin  strata  of  blue 
rock,  260  to  500  feet. 

Well  of  Wiley  Tunstall  (No.  5).  Jeffrey  place ;  pasture  well.  Bored 
by  Kinnaird  A  Sample,  1902.  Depth,  unknown.  Diameter,  3  inches. 
Present  yield,  9  gallons  per  minute.     Temperature,  69°. 

Well  of  Wiley  Tunstall  (No.  6).  Jeffrey  place,  near  George  Tay- 
lor's store,  3  miles  east  of  town.  Bored  by  Kinnaird  &  Sample,  1902. 
Depth,  360  feet.     Casing,  3-inch.     Flowing  water  at  300  feet,  rising 
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Record  of  well  of  Mobile  Oil  Company  {Baacom,  well  No,  I)  at  Mobile,  Ala.—i 


Sand  rock  and  some  gas. 

Bine  clay  and  lignite 

Hard  rock 

Gnmbo  : 

Eock 


Thickness. 


Gumbo  and  lignite . 

Rock 

Fine  sand 

Rock 

Bine  clay  and  Hhells. 

Qnmbo  

Shale 

Rock 

Qnmbo 

Shale 


Gnmbo 

Limestone,  bine 
Shale 


Limestone 

Shale  

Do... 


Limestone 

Shale - 

Lime  rock 

Sand  and  shells,  gas  and  salt  water 
Limestone 


Feet. 


4 

23 

4 

12 

2 

10 

7 

5 

2 

8 

12 

25 

2 

28 

45 

2 

1 
2 
4 
2 

1 
2 

7 
60 


Tot 
depi 


Fe* 


Blue  clay 188 

Light-j^ellow  nand 225 

Red  clay  .      240 

Blue  clay  and  sand    25.") 

Red  clay 258 

Yellow  sand .  - 280 

Blue  clay.       2a*^ 

Sand  and  clay 297 

Clay 31:^ 

Red  and  bhie  clay  (water  stood  H  feet  abovt*  surace) ,'J2f 

Clay - - ...   .  IW 

Coarse,  water-bc^aring  sand.    ...   .    :{6."i 

Lignite  in  sand,  with  1  i  inches  of  rock . .     87J] 

Lignite,  with  3  or  4  inches  of  rw.k  and  a  crevice  6  feet  in  depth     38C 

Wat«r-bearing  strata 38^ 
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Hawk,  1900.  Depth,  500  feet.  Flows  8  gallons  i;)er  minute.  Blue 
rock  was  encountered  at  12  feet  and  continued  to  137  feet.  Well 
starts  in  the  Rotten  limestone.  Water  supply  from  the  Eutaw  sands. 
Well  of  D.  L.  Moore  (No.  1).  Bored  by  J.  I.  Hawk.  Depth,  300 
feet.    Flows  28  gallons  per  minute. 

Well  of  D.  L.  Moore  (No.  2).  Bored  by  J.  I.  Hawk.  Depth,  410 
feet.  Flows  35  gallons  per  minute.  Both  wells  start  in  the  Rotten 
limestone.     Water  supplies  from  the  Eutaw  sands. 

Well  of  W.  P.  Nelson,  2|  miles  southwest  of  Newbern.  Bored  by 
J.  I. 'Hawk.  Depth,  500  feet.  Flows  8  gallons  per  minute.  Blue 
roclL  200  feet  thick,  beginning  at  20  feet.  Well  starts  in  the  Rotten 
limestone.     Water  supply  from  the  Eutaw  sands. 

Well  of  Pollard  Brothers.  Bored  by  J.  I.  Hawk.  Well  probably 
300  or  more  feet  deep.  Blue  rock  at  22  feet,  80  feet  thick.  Water 
stands  at  —18  feet.  Well  starts  in  the  Rotten  limestone.  Supply 
from  the  Eutaw  sands. 

Well  of  W.  R.  Tubbs.  Bored  by  J.  I.  Hawk,  1000.  Depth,  300 
feet.  Water  stands  at  —28  feet.  Blue  rock  at  20  feet,  85  feet  thick. 
Well  starts  in  the  Rotten  limestone.  Water  supply  from  the  Eutaw 
sands. 

Well  of  R.  A.  White.  Bored  by  J.  I.  Hawk,  1900.  Depth,  30(J 
feet.  Water  stands  at  —22  feet.  Eighty-five  feet  of  blue  rock 
beginning  at  20  feet.  Well  starts  in  the  Rotten  limestone.  Water 
supply  from  the  Eutaw  sands. 

Well  (owner  unknown),  at  Newbern,  reported  to  be  475  feet  in 
depth,  with  water  rising  to  +4  feet  and  flowing  30  gallons  per  minute. 
Blue  rock  80  feet  thick. 

Powers. — Well  of  John  Findlay.  Bored  bj^  W.  V.  Morrison. 
Depth,  406  feet.  Casing,  3-inch.  Flow  from  330  feet.  Yield,  7^  gal- 
lons per  minute.  Volume  constant.  Water  rises  to  -f  25  feet.  Tem- 
X)erature,  68"*.  Record:  Soil  and  clay,  0  to  50  feet;  blue  rock,  50  to 
250  feet;  sand  and  water,  with  thin  strata  of  rock,  250  to  406  feet. 

Well  on  Warrior  River  near  Powers.  Bored  by  Cristie,  Lowe, 
and  Haywood.  Depth,  333  feet.  Diameter,  3  inches.  Present  yield, 
12  gallons  per  minute.  Water  has  milky  appearance  and  a  slightly 
disagreeable  taste. 

Powers  Station. — Well  at  Lock  No.  6.  Drilled  in  1000.  Diameter, 
3  inches.  Depth,  333  feet.  A  flow  of  25  gallons  per  minute  of  good 
water  was  obtained,  but  volume  decreased  50  per  cent  the  first  year. 
The  well  is  entirely  in  the  Tuscaloosa  beds. 
SawyerviUe. — E.  L.  Kimbro  has  two  deep  wells  bored  by  J.  I.  Hawk. 
Three  miles  west  of  SawyerviUe  is  the  well  of  Jack  Manette  (No.  1 ). 
Located  at  mill.  Bored  by  Sample  &  Morrison,  1897.  Depth,  640  feet. 
Diameter,  3  inches.  Water  stands  at  —8  feet.  Level  constant. 
Record:  Sand,  0  to  10  feet;  blue  rock,  10  to  450  feet;  sand  and  water, 
with  thin  strata  of  blue  rock,  4^50  to  600  feet;  pink  soapstoiv^,  ^W  Vo 
640  feet. 
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new  wells  were  put  down.     Several  attempts  have  been  made  by 
deepening  the  wells  to  obtain  natural  flow,  but  without  success. 

Well  of  Electric  Light  Company.  Depth,  700  feet.  Diameter,  6 
inches.  Flow,  400  gallons  per  minute.  Temperature,  76°.  Reported 
in  1898. 

Well  of  Mobile  Ice  Company.  Depth,  800  feet.  Diameter,  6  inches. 
Pressure,  30  pounds  per  square  inch.  Flow,  1,000  gallons  per  minute. 
Temperature,  78°.     Reported  in  1898.  I 

Well  of  Progress  Electric  Lighting  Company.  Depth,  800  feet 
Flow,  500  gallons  per  minute.  Temperature,  76°.  Reported  in  1898. 
May  be  same  as  well  of  Electric  Light  Company  given  above. 

Well,  owner  unknown.  Reported  735  feet  deep,  with  natural  flows 
with  39  pounds  pressure  per  square  inch  from  two  different  levels. 
Temperature,  78°.     Reported  in  1898. 

MONTGOMERY   COUNTY. 

MitcheWs  Station. — Ely  Gray's  well.  Bored  by  Frank  Tillotson. 
Depth,  393  feet.  Record:  Soil,  18  feet;  marl,  with  limestone  3^  to  12 
inches  in  thickness,  250  feet;  dark  Rotten  limestone,  50  feet;  marl, 
with  sandstone  3  to  12  inches  in  thickness,  75  feet.  Enlarged  from 
3^  to  G  inch  pipe  on  account  of  sand.  Cased  to  the  marl,  but  should 
have  been  cased  through  the  Rotten  limsetone.  Yield,  20  gallons  per 
minute. 

Montgomery. — Several  wells  from  about  450  to  650  feet  deep  were 
drilled  for  the  purpose  of  furnishing  a  city  water  supply  man}-  years 
ago.  The  number  of  wells  has  been  increased  until  there  are  now 
twenty  or  more,  some  of  them  reaching  a  depth  of  over  1,000  feet. 
Of  these  12  were  bored  in  1899. 

Northwest  well:  Depth,  457  feet.     Volume,  92  gallons  per  minute. 

Southwest  well:  Depth,  448  feet.     Volume,  60  gallons  per  minute. 

South  well :  Depth,  650  feet. 

Southeast  well :  Depth,  645  feet. 

Parker  well:  Depth,  1,091  feet. 

Cook  well:  Depth,  837  feet.     Volume,  130  gallons  per  minute. 

A  number  of  tests  have  been  made  by  means  of  an  air  lift  to  deter- 
mine the  capacity  of  the  different  welLs.  These  have  varied  somewhat 
at  different  times.     The  following  are  probably  typical : 

Capiicity  of  certain  tvelh  at  Montgomery  atf  shown  by  air-lift  tests. 


Well.  Gallons  per     QaUons  per 

minute.  34  hours. 


Northeast  well . .     - 2g5 

Sonthwestwell  ...     '  ,12  305,760 


410,408 


Cook  well.- 
Parker  well 

Total 


225  324, 732 

239  344,856 

^1  1,385.756 
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With  19  wellB  working  the  capacity  was  5,000,000  gallons  per  hour. 
Average  temperature,  68°. 

A  well  bored  by  Cook  Well  Company,  of  Chicago,  shows  the  follow- 
ing record: 

Record  of  old  Cook  well. 


Thicknem.  '    Depth 


Feet. 


Feet. 


White  day  (started  with  12-iiich  casing) Oi  16 

Whitesand ..  16  i  18 

Btnemarl 18 


Ooane  gravel 26 

Blue  marl,  with  some  fine  gravel  and  sand. 85 

Sandstone,  water  rising  to  within  10  feet  from  U)p 139 

Kneclay 148 

Fine  white  sand .- 170 


36 

85 
139 
145 
170 
188 


Well  at  Exchange  Hotel.  Bored  for  I).  P.  West,  proprietor. 
Depth,  650  feet.  Water  stands  at  —45  feet.  Temperature,  66°. 
Good  drinking  water,  but  not  fit  for  use  in  boilers.  An  analysis 
showed  about  270  parts  per  million  of  mineral  matter,  mainly  sodium 
and  potassium  carbonates. 

Brewery  well  No.  1.  Altitude,  16l>  feet.  Total  depth,  550  feet. 
Water  rising  to  +  6  feet  was  obtained  at  550  feet.  Temi)erature,  68°. 
A  little  water  was  obtained  at  90  feet;  more  at  480  feet. 

Brewery  well  No.  2.  Depth,  700  feet.  Cased  to  550  feet.  Water 
stands  at  — 17  feet  on  account  of  l)eing  turned  into  well  No.  1.  Sup- 
ply large.     Temperature,  68  . 

Sprngue  Junction, — Well  reiK)rted  to  he  400  feet  deep,  8-0  inches 
in  diameter.     Water  rises  to  —  75  feet.     Reported  in  1800. 

MORGAN   COUNTY. 

Decatur, — Six  miles  southwest  of  Decatur  a  well  (owner  unknown) 
was  bored  for  salt  and  sulphur  about  seventy-five  yoai's  ago.  Depth, 
350  feet.  Flow  of  water,  10  gallons  per  minute;  has  been  constant 
since  drilling.     Starts  in  the*  Chester  group. 

HartseUs. — One  mile  north  of  Hartsells  water  was  found  at  160  feet, 
gas  at  602  and  1,094  feet,  salt  water  at  1,730  feet.  The  ga.s  burned 
with  a  flame  5  feet  high  from  2- inch  pipe.^' 

PERRY   COUNTY. 

Uniontoivn, — City  well.  Depth  of  well,  1,080  feet.  Water  stands 
at  —  2(H)  feet.     Quality  good.     Starts  in  the  Rotten  limestone  and 


«CihM>l.  Siirv.  Ala.,  Rept.  on  valley  retponji,  pt.  1,  pp.  HJMCl 


I 
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obtains  its  water  supply  from  the  Eutaw  sandH.  Dissolved  « 
10.4  grains  to  the  gallon.  It  is  a  good  drinking  water,  and  the 
ply  is  ample  for  the  needs  of  the  town. 

The  mayor  reported  in  1898  the  following  data,  which  may  poK* 
relate  to  the  preceding  well :  Depth  of  well,  1,105  feet.  Casing.  8-i 
The  water  comes  from  the  second  horizon  at  870  feet.  Water  sti 
at  — 120  feet.  Raised  bj^  air  lift.  Volume,  300  gallons  per  iiiin 
Supply  seems  inexhaustible.     Temperature,  79°. 

J.  C.  Welch  reported  in  1898  a  well  895  feet  in  depth,  with  8- 
casing  to  the  bottom.  Water  stands  at  — 125  feet.  Tempera! 
about  68°. 

Felix. — Deep  wells  have  been  sunk  near  Felix,  Perry  County 
Suttle  &  Jones,  at  the  localities  shown  in  the  table  below: 

Deep  wells  of  Suttle  d*  Jouen,  near  Felix ^  Perry  County,  Ala. 


Location. 

TV»^.!              '  Sat-  I  ~                                                        Place. 

I        '      t  -^        ---         -        --  -    .                       -     _                   . 

18  9  18  ;  NE.  corner  of  NE.  |  of  S W.  i . . . .  Residence  of  J.  P.  Suttle. 

18  I  9  18  I  SE.cornerof  SK.i  of  JJW.i  ..-.  At  gin. 

18  !  9  8  I  Center  of  west  line,  NW.  ^  of  EdwardH  place,  fork  of  roads. 

I  I      NE.l. 

18  I  9         8,NW.lofNW.i Atall. 

18  I  9  7.  Center  NE.J Edwards  plac-e. 

18  I  9         HlCenterSE.J Goshon  place. 

18  I  9  S     NE.  corner  of  NE.  J  of  NW.  [...  W.  S.  Snttlo  re«iden<»e.  Edwar 
'               I                                                                               l)lace. 

18  '.  »     NW.iofNW.i   Vaugrhan  place. 

18'  '.)        'Zl    do VanderKlice  pla«*e. 

18,  tt|      a)     SE.iofNE.i Do. 

18  9  I      28     SE.  cx)rner  of  SE. }  of  SE.  ] Swift  pla<'o. 

18  I  9  I      '^'y     NW.  1  of  SE.  I Co<)i)or  well  on  line  of  Davis  pla. 

17'  9  3     NW.  i  of  NE.  i... Davis  plaoc  quarter, 

17  I  9  2    do Da\'is  jilacc  quarter  (scM'ond  wel 

17;  9i        2     NE.  iofSW.  i Davis  place  quarter. 

19  I  9|      :«     NW.iofSW.l J.  8.  Alexander  well. 

18  I  9  :>     Near  north  line  SW.  i  of  NE.  i  W.  B.  Alexander  (old  well «. 

18,  9  :»     SW.iofNW.  1     W.B.Alexander  (new  well.. 

18'  8  1      NE.iofSE.i W.  S.  Suttle  &  Bro.  (new  well  >. 


PICKENS   COUNTY. 

PickefisviUe. — Five  Jiiilos  south  of  IMekensvillo  is  tlie  well  of  II 
Ball,  colored. 

Alice.rilh. — Well  of  John  Cochrane.  Bored  byMcCracken  in 
Depth,  .'KH)  feet.  Diameter,  3  inches.  Record:  Soil  and  gravel, 
56  feet;  blue  rock,  50  to  125  feet;  smd  and  water,  li?5  to  130 
blue  rock,  130  to  175  feet;  liard  sand,  175  to  iMK)  feet;  blue  rock 
to  240  feet;  sand  and  water,  240  to  250  f(>et ;  blue  rock,  250  t( 
feet;  sand,  2S5  k>  2S8  feet;  blue  rock,  2S8  to  305  feet ;  white  clav 
black  sand,  305  to  309  feet. 
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Six  miles  west  of  Aliceville,  in  sec.  20,  T.  22,  R.  2  W.,  is  the  well  of 
G.T.Heard.  Yield,  30  gallons  \yev  minuU^  at  +3  feet.  Tempera- 
ture, m\ 

Eijrht  miles  west  of  Aliceville,  in  sec.  14,  T.  22,  R.  3  W.(?),  is  the 
well  of  G.  T.  Heard.  Depth  unknown.  Estimuted  yield,  50  gallons 
per  minute.     Temperature,  60°. 

One  and  one-half  miles  south  of  Aliceville  is  the  old  Bridgeville 
well,  owned  by  Somerville  and  Murphy.  Estimated  flow,  25  gallons 
per  minute.     Temperature,  66°. 

Dancy.— Weil  of  T.  A.  Baker  (No.  1).  Bored  by  C.  T.  White,  1899. 
Depth,  700  feet.  Water  struck  at  600  feet,  which  rose  to  —8  feet. 
Water  at  7(X)  feet  rose  to  —22  feet.  Casing,  600  feet  of  2-inch  pipe. 
Record:  Soil,  0  \,o  15  feet;  blue  rock,  15  to  280  feet;  quicksand,  280 
to 320  feet;  sand,  with  thin  rock,  320  to  6(M)  feet.  First  water  at  450 
feet. 

WeU  No.  2.     Bored  by  J.  Ladd  (?).     Depth,  450  feet.     Water  stands 
at  -10  feet.     Steam  pump  working  for  twenty-four  hours  does  not 
lower  level. 
Well  No.  3.     Similar  to  No.  2.     Abandoned. 

Two  miles  west  of  Dancy  is  the  well  of  W.  D.  King,  bored  by 
Bixler  in  1901.  Depth,  903  feet.  Casing^  797  feet.  Original  flow, 
3i  gallons  per  minute  at  +20  feet.  Slightly  greater  at  present. 
Record:  Soil,  0  to  21  feet;  blue  rock,  21  to  361  feet;  succession  of 
sand  and  rock  beds,  361  to  800  feet;  hard  rock,  800  to  903  feet.  Flow 
struck  at  903  feet. 

About  2i  miles  north  of  Dancy  is  a  well  of  J.  II.  McDonald,  bored 
by  C.  T.  White  in  1903.  Depth,  350  feet.  Diameter,  3^  inches. 
Water  stands  at  —90  feet.  Altitude  of  well  estimated  75  feet  higher 
than  at  Dancy.  Record:  Soil,  0  to  20  feet;  blue  rock,  20  to  300  feet; 
sand  and  rock,  300  to  350  feet. 

SJiervmn. — ^Two  miles  west  of  Sherman  is  the  well  of  Mrs.  Adams, 

bored  by  J.  Ladd  about  1870.     Depth,  602  feet.     Original  flow,  30 

gallons  per  minute.     Volume  slightly  increased.     Temperature  72°. 

About  3f  miles  west  of  Sherman  is  Beall's  well,  on  King  place. 

Very  old  well.     Small  flow. 

One  mile  south  of  Sherman,  in  sec.  14,  T.  23,  R.  3  W.,  is  the  old 
well  of  Tom  Moore,  bored  by  Joe  Ladd,  colored,  alx)ut  1870.  Depth, 
6(X)  feet.  Diameter,  4  inches.  Flow,  6^  gallons  per  minute.  Tem- 
perature, 72°. 

One  mile  west  of  Sherman  is  an  old  well  owned  by  William  Oliver. 
Flow,  H  gallons  per  minute.     Temperature,  70°. 

Three  miles  west  of  Sherman  are  three  old  wells  owned  by  Mrs. 

Weir.     Flow  of  one  is  2^  gallons  per  minute.     Temperature,  71°. 

Other  two  were  bored  at  the  same  time,  about  1860.     Now  in  decay. 

Three  miles  west  of  Sherman  is  the  well  of  W.  E.  Whitten,  bored 

by  Bixler  about  1900.     Depth,  725  feet.     Temperature,  71°. 
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Vienna  and  v'winity, — Four  miles  northeast  of  Vienna,  on  theCa^ 
penter  pla<*e,  is  an  old  well  that  flows  8  gallons  per  minute.  Tem- 
perature, GO^'. 

A  second  well  is  located  at  the  ferry  on  the  Carpenter  place.  Vol- ! 
ume,  4  gallons  per  minute.     Temperature,  66°. 

Six  miles  north  of  Vienna,  on  the  Gibson  place,  is  the  well  of  Mr. 
Chapman.     Estimated  flow,  5  gallons  per  minute.     Temperature,  Go''. 

There  is  an  old  well  on  Cherry  place,  near  town,  that  flows  2  gal- 
lons per  minute.     Temperature,  60°. 

Eight  miles  northeast  of  Vienna  is  the  Sipsey  mill  well,  owned  by 
John  (^hilds.  Estimated  flow  25  to  40  gallons  per  minute.  Temper- 
perature,  OS"". 

On  the  Fergerson  plac<^  near  Vienna  is  an  old  well  that  flows  one- 
half  gallon  per  minute.     Temperature,  66°. 

Seven  and  one-half  miles  north  of  Vienna  is  an  old  well  that  ww 
deepened  in  18G0  to  285  feet.  First  flowing  water  was  obtained  at  225 
feet.  Water  rising  to  +25  was  obtained  at  285  feet.  Estimated  flow 
between  100  and  200  gallons  per  minute.     Temperature,  65°. 

Two  other  large  wells,  once  used  to  run  a  mill,  are  located  in  th^ 
vicinitv. 

On  the  Manning  place,  near  Vienna,  is  a  well  owned  by  Mr.  Ilaga- 
man.     Flow,  1. J  gall  ns  per  minute.     Temperature,  66°. 

Five  and  a  half  miles  north  of  Vienna,  on  Bonner  place,  is  a  well 
of  Mr.  Hagaman,  bored  probably  about  1885.  Estimated  flow,  5  p\' 
Ions  per  minute  at  +  I  foot.     Temperature,  65''. 

Three  miles  northeast  of  Vi<»nna,  on  the  Richaixls  place,  is  a  well 
of  Mr.  llaganmn  (No.  J).  Tlie  water  flows  with  an  estimated  volume 
of  50  to  75  gallons  per  minute  at  the  level  of  the  ground.  Tempera- 
ture, 66".  Casing,  6-inch.  This  and  tlie  three  following  w^ells  ar< 
close  together,  and  wen^  bored  long  before  the  civil  war  by  a  Mr 
(thitow  to  furnish  water  for  a  mill. 

Ilagaman  well  No.  2,  at  same  place,  lias  an  estinmted  flow  of  10  t( 
15  gallons  per  minute.     Temperature,  66"^. 

From  well  No.  3,  of  same  plac'e,  the  water  flows  from  a  6-inch  pip 
at  bottom  of  gulch  10  feet  below  surface.  Estimated  flow  50  to  7 
gallons  ])er  minute.     Temperature,  66 \ 

In  well  No.  4  th(»  water  flows  from  an  8-inch  pipe  8  feet  below  th 
surface.  Estimated  volume,  75  to  100  gallons  per  minute.  Tempei 
ature,  66'. 

Well  No.  5  flows  at  the  surface.  Estimated  volume,  <>  gallons  pe 
minute.     Temperature,  66'. 

A  well  of  Mr.  Ilagaman,  in  sec.  27,  T.  24,  K.  2  W.,  flovs  12  gallon 
per  minute.     Temperature,  66"". 

Two  miles  northeast  of  Vienna,  on  '^Gold  i)usf  farm,  is  an  ol 
well  owned  by  Mr.  Ilagaman.  In  decay  now,  a  sort  of  spring.  Est 
mated  flow,  5  gallons  i)er  minute. 
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Eight  mileB  northeMt  of  Yienna,  on  old  Hinton  place,  near  Sipsey 
iKver,  is  a  well  that  flows  5  gallons  per  minute.    Temperature,  65^. 

Five  miles  northeast  of  Vienna,  on  the  Nolen  place,  is  a  well  of  Mr. 
^Haganum.    Flow,  18  gallons  per  minute.    Temperature,  66"^. 

Near  Vienna,  on  see.  34,  T.  84,  R.  2  W.,  is  a  well  of  W.  B.  Peebles 
;  (No.  1)  reported  to  be  350  feet  deep.  Flow,  3  gallons  per  minute. 
Temperature,  W*, 

Well  No.  2,  on  same  section,  flows  1^  gallons  per  minute.  Tem- 
perature, 66"*. 

Well  No.  3,  on  same  section,  flows  2  gallons  per  minute.  Tem|)era- 
tore,  66*".    An  old  welL 

Well  No.  4,  bored  about  1885,  is  reported  to  be  38()  feet  deep.  Flow, 
3  gallons  per  minute.    Temperature,  67"". 

Near  Vienna,  on  the  Wilder  place,  is  an  old  well  owned  by  W.  B. 
Peebles.    In  decay.    No  data  obtainable. 

One  mile  northeast  of  Viehna,  on  old  Wyndham  place,  is  a  well 
ovned  by  W.  B.  Peebles.  Flow,  30  gallons  per  minute.  Tempera- 
tare,  67**. 

Three  miles  northeast  of  Vienna,  on  Barnes  place,  is  a  well  owned 
by  Peebles  and  Hagaman.  Estimated  flow,  30  gallons  per  minute. 
T^perature,  66^.  There  are  two  other  wells  on  this  place  that  have 
approximately  the  same  flow  and  temperature. 

Near  Vienna  is  a  well  owned  by  Mr.  PuUiam  that  was  bored  by 
HcCracken  in  1902.  Depth,  250  feet.  Diameter,  2  inches.  Water 
rising  to  —65  feet  was  obtained  at  the  bottom.  Did  not  go  through 
the  blue  rock. 

Snven  miles  north  of  Vienna,  on  the  Mayhew  place,  is  the  well  of 
E.  Stewart.     Flow,  65  gallons  per  minute.     Temperature,  64°. 

Kear  Vienna  is  an  old  well  of  Mrs.  Sallie  Tumipseed.  Data  unob- 
tainable. 

Two  miles  northeast  of  Vienna,  on  the  Wilder  place,  is  an  old  well 
that  flows  5  gallons  per  minute.     Temperature,  00°. 

Nine  miles  northeast  of  Vienna,  on  the  Sam  Wilder  place,  is  a  well 
that  flows  33  gallons  per  minute  at  +4  feet.     Temperature,  65°. 

Five  miles  northeast  of  Vienna,  near  old  Baptist  Church,  is  a  well 
that  flows  li  gallons  oer  minute.     Temperature,  65°. 

PIKE   COUNTY. 

TVoy. — Three  wells  on  Siles  place  near  Orion,  4  miles  north  of  Troy, 
yield  small  streams. 

One  well  on  Jackson  place,  near  Orion,  is  less  than  300  feet  deep, 
but  flows  100  gallons  per  minute  from  a  4-inch  pipe. 

A  well  on  Harmon  (?)  place  flowed  over  surface  for  a  few  months, 
then  fell  to  —6  feet.  The  weM  is  now  flUed  up  and  abandoned.  All 
these  wells  were  drilled  about  1858. 

There  are  a  number  of  wells  from  350  to  650  feet  deep  m  vs^«ift,  5^^, 
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and  0,  T.  11,  R  21.     They  ai'e  mostly  flowing.     Water  is  cool  for 
drinking. 

The  public  well  at  Tvoy  was  Ixinnl  in  1893  by  Conover,  of  Philadel- 
phia. Tho  well  is  said  to  have  cost  $2(>,000,  and  was  a  complete  fail- 
ure.    The  following  is  the  driller's  record: 

Record  of  public  uh^U  at  Troy^  Ala. 


Clay  ... 
Shell  rock. 

Sand  rock 


Bine  sand 

Sand  rock ...  . 
Shell  and  coral 
Blue  marl 


Coal 


Yellow  sand 
Green  marl  , 

Qiii(!k8aud  . 


Coarse  white  sainl  iind  water 

Blue  marl . 

Green  marl 


Sand  rock . .    . . 

Green  marl,  rcM-k,  and  Kan<l  rock. 

Siind  rock 

Blue  marl .    . 

Sand  rock 

Gray  marl  (to  bottom; 


Feet. 


Inrhts. 


K 

i 


12 

6 

I 

I 

4  , 
444  I 

6 
40 

8 

8 
120 


1 

{ 


{ 


108 

40 

lis 

;{9 

116 

644 

8 

20 

8 

10 

4 

800 

20 


0       '■ 

0 

0 

8 

0 

0 

0 

0 

0 

m 

2 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Total  d(»pth,  2,(\IV2  feet.  Water  flowed  75  gallons  perminuto  at  450 
fe<»t,  but  on  pushing  th<»  w(dl  farther  the  flow  was  lost. 

RUSSELL    COUNTY. 

Crlenrtlh', — On  Capt.  E.  C.  Perry's  plantation  are  two  wells.  Well 
No.  1  was  bored  in  18118  by  W.  K.  Wicker.  Depth,  ir,5  feet.  Casing, 
3-inch.  Flows  100  gallons  i)er  minute  of  good,  elear  water,  lieconl: 
Soil,  0  to  15  feet;  quieksand,  15  to  17  feet;  marl,  with  thin  layers  of 
shell  roek,  17  to  lf»0  feet;  shell  roek,  1  foot;  eavity,  with  ({uieksand, 
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4  feet    Water  from  cavity  rose  to  25  feet  above  the  surface  of  the 

Well  No.  2  is  located  within  half  a  mile  of  well  No.  1.  Record 
rimilar.  Depth,  175  feet.  Flows  60  gallons  per  minute.  Tempera- 
tare,  67^.     Bored  by  George  Thompson  in  1899. 

Hatmon. — J.  W.  McCload  is  reported  to  have  a  deep  well.  The 
nter  has  a  very  disagreeable  taste  and  does  not  flow  at  the  surface. 

Anotiier  well,  480  feet  deep,  4  inches  in  diameter,  in  which  the 
witer  rises  to  —40  feet,  was  reported  in  1899.    Supply,  good. 

Haichechubbee. — Well  of  C.  E.  Ingram.  Bored  by  W.  L.  Morrison 
ii  1898.  Water  reaches  surface.  Cased  20  feet  with  3-inch  pipe. 
Beoord:  Soil,  20  feet;  marl,  80  feet;  coarse  sand  with  shell  rock,  40 
feet;  hard  greenish  marl,  60  feet;  sand  and  shell  rock,  200  to  300 
feet;  pink  marl,  300  to  350  feet;  red  clay,  350  to  400  feet;  sand  at 
liottoiD. 

L  G.  Cooper,  F.  P.  Haddock,  J.  M.  De  Lacys,  and  A.  B.  Walker 
lU  have  deep  wells,  bored  by  W.  L.  Morrison.  7'hey  are  all  located 
■ear  the  Ingram  well  and  have  a  similar  record,  except  that  the 
pinkisli  marl  of  the  Ingram  well  is  absent  from  the  others. 

A  well  reported  by  W.  L.  Morrison  in  1890  is  420  feet  deep.  A  small 
npply  of  water  was  obtained  at  250  feet.  Yields  8  gallons  per  minute 
on  pnmping.     Continuous  pumping  lowers  level  40  feet  or  more. 

Three  miles  south  of  Hatchechubbee  is  the  well  of  McMickins,  bored 
IqrW.  L.  Morrison  in  1898.  Record:  Soil,  12  feet;  marl,  130  feet; 
shell  rock,  130-1-  feet.  Water  stood  at  —50  feet.  Cased  20  feet  with 
3-inch  casing. 

One  mile  south  of  Hatchechubl)ee  is  the  well  of  Jim  Perry,  similar 
to  the  preceding. 

Hooks  Station.— Well  of  J.  W.  I  pshaw.  Bored  by  W.  E.  Wicker 
in  1898.  Water  stands  at  —35  feet.  Pump  gives  unlimited  supply. 
Water  carries  much  iron.  Record:  Soil,  20  feet;  marl,  KM)  feet;  sev- 
eml  beds  of  hard  shell  rock,  sand,  water,  etc.,  120  to  325  feet.  The 
floarce  of  the  water  is  at  122  feet. 

Hurisboro. — Public  well.  Bored  by  Morrison  and  Wicker  in  181>S. 
Depth,  530  feet.  Water  stands  at  —9  feet.  Temperature,  6S°.  Cased 
50  feet  with  4-inch  pipe.  Record:  Soil,  15  feet;  sand,  blue  rock,  and 
marl,  with  two  beds  of  shell  rock,  15  to  135  feet;  hard  sand,  with  shell 
rock  every  3  or  4  feet,  135  to  40<)  feet;  water-bearins:  sand,  with  some 
red  clay,  at  the  bottom. 
In  1899  Mr.  M.  L.  Long  reported  three  wells. 

Well  No.  1 :  Depth,  530  feet.  Diameter,  4  inches.  Temperature,  66°. 
Well  No.  2:  Depth,  550  feet.  Diameter,  3  inches.  Temperature,  60''. 
Well  No.  3:  Depth,  5r)5  feet.  Diameter,  3  inches.  Temperature,  64*". 
Water,  rising  to  — 1>  feet  in  two  of  the  wells  and  —23  feet  in  the 
other,  was  obtaine<l  between  200  and  249  feet.  Yield  averages  10  or 
12  gallons  per  minute. 
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Well  of  W.  H.  Banks.  Bored  in  1898.  Total  depth,  526  feet 
Cased  70  feet  with  3-ineh  pipe.  Good  clear  water  standing  at  —8  feet. 
Temperature,  06°.  Record:  Surface  to  blue  marl,  62  feet;  mari, 
including  about  twenty  layers  of  shell  rock,  some  very  hard  and 
flinty,  from  125  to  200  feet  thick;  water-bearing  sands  from  beds  of 
marl  to  bottom. 

Well  of  J.  P.  Crawford.  Bored  in  1808.  Depth,  302  feet.  Cased 
102  feet  with  2-inch  easing.  Water  stands  at  — 2^  feet.  Flow 
easily  exhausted,  but  pumps  freely  again  after  five  minutes.  Tem- 
perature, 68°.  Water  is  considered  medicinal,  showing  considerable 
amounts  of  Fe208.     Twelve  grains  of  solid  matter  to  the  gallon. 

Record  of  Crawford  well  at  Hurtsboro,  Ala. 

Feet 

Limestone 0-13 

Shells 12 -m 

Gray  and  red  sands 13i-  85 

Marl :...    85-107 

Gray  flint  rock 107  -108 

Marl  rock 108-138 

Rock \:y\  -139 

Marl - .  i:j9  -185 

Rock _..  ia5  -187 

Marl 187  -200 

Gray  sand .   200  -215 

Hard  rock  (with  water) 215  -217 

Sand  and  mica. 217  -24;U 

Rock  .   - 2434-244 

Hard  sand.    .    244  -246 

Sand  and  mica 246  -2«3 

Sand  and  lignite  ... 26:3  -278 

Water-bearing  sand  to  Iwttom. 

Cswirhee. — W.  .1.  McLandon's  well.  Depth,  465  feet.  Flow,  12 
gallons  per  miuuto.  Record:  Sand  and  clay,  20  feet;  marl,  with 
shells,  65  feet;  alternating  ])eds  of  sand  and  marl,  15  to  25  feet  thick, 
to  380  feet;  hard  rock,  2  feet;  sand  to  445  feet.  Original  yield,  12  <rHl- 
lonspor  minute,  but  the  supply  decreased  to  4  ]L;:allons  per  niinut^^  in 
six  months.  The  well  was  then  bored  20  feet  fartlier  throuj^h  the 
sand  to  hard  rock,  yielding  12  gallons  j)er  minute,  with  no  signs  of 
decrease  in  two  years. 

PitLshoro.—VuhVic  well.  Bored  by  W.  E.  Wicker  in  IHDS.  Flow, 
three-fourths  of  a  gallon  per  minute.  Casing,  2<'»  feet  of  ^'i-inch  pipe. 
Temperature,  72''.  Tastes  of  sulphur  and  colors  vessels  with  iron. 
Stated  to  be  good  for  stomach  troubles.  Record:  Surface  to  marl,  24 
feet;  marl,  with  two  layers  of  hard  shell  rock,  ll'.'J  feet;  quicksand,  2 
feet,  with  hard  rock  at  bottom. 

Well  of  Frank  P.  Pitts.  Bored  by  owner  in  IIHM).  Flow,  32  gallons 
per  minute.  Temperatures  OH"".  Record:  Surface  to  marl,  20  feet; 
marl,  20  to  00  feet;  soft  shell  rock,  00  to  r>l  feet;  marl,  01    to  75  feet; 
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75  to  80  feet;  hard  flint  rook,  80  to  82  feet;  marl,  with  very 

ill  amomit  of  water,  82  to  165  feet;  marl,  with  more  water,  165  to 

teet 

Well  at  J.  W.  CSaldwell's  gin.     Record:  Surface  to  marl,  18  feet; 

with  thin  layers  of  shell  rook,  blue  rook,  and  water  sands,  from 

^18  to  445  feet.    Flow  insufficient  for  use. 

Three  and  one-half  miles  northwest  of  Pittsboro,  at  L.  C.  Lamb's 

lence,  is  a  well  bored  by  W.  £.  Wicker  in  1898.    Record:  Surface 

marl,  18  feet;  marl,  18  to  97  feet;  sand,  with  water,  at  '.)7  feet. 

with  20  feet  of  4-inch  pipe. 
Another  report  gives  the  depth  of  a  well  on  the  Lamb  plantation  as 
.129  feet  (?).  Flow,  10  gallons  per  minute.  Temperature,  67''.  Cased 
vith  24  feet  of  3-inch  pipe.  Water  good,  but  with  some  iron.  Rec- 
od:  Surface  to  marl,  20  feet;  marl,  108  feet;  shell  rock,  1  foot;  sand 
It  bottom. 

Tliree  and  one-half  miles  northwest  of  Pittsboro,  150  yards  south  of 
L  C.  Lamb's  well,  is  a  well  of  R.  B.  Adams,  bored  by  W.  E.  Wicker 
in  1898.  Water  stands  at  —50  feet.  Supply  under  pump  very  large. 
Cued  with  20  feet  of  4-inch  casing.  Record:  Surface  to  marl,  18 
feet;  marl,  18  to  97  feet;  water,  sand,  and  several  layers  of  shell  rock 
bebw  the  marl. 

Ruiherfard.— Well  of  G.  L.  Hardin.  Bored  by  W.  E.  Wicker  in 
1898.  Depth,  165  feet.  Temperature,  TO"".  Record:  Same  as  the 
foliowing  welL 

Well  of  H.  M.  Rutherford.  Bored  in  1898.  Flowed  6  gallons  per 
ainnte  for  two  years,  but  diminished  gradually  and  now  stands  just  at 
mufisoe.  Cased  20  feet  with  3-inch  pipe.  Temperature,  OS"".  Record : 
Soil,  18  feet;  blue  rock,  18  to  118  feet;  sand  with  water,  118  to  135 
feet.    Thin  layers  of  shell  rock  wei'e  encountered  at  several  points. 

Two  wells  of  H.  M.  Rutherford.  Bored  in  1901  by  W.  M.  Morrison. 
Water  stands  at  —1  foot.  Flows  H  galloDs  per  minute.  Record: 
Clay  and  sand,  0  to  20  feet;  blue  marl,  20  to  130  feet;  hard  shell  rock, 
130  to  131  feet;  water-bearing  sand,  131  to  170  feet;  hanl  blue  rook, 
170  to  174  feet;  water  sand. 

Well  of  R.  P.  Tallman.  Bored  by  W.  E.  Wicker  in  1898.  Two  l)or. 
ings  were  made,  each  having  the  same  record.  Only  one  is  used. 
Depth,  1C4  feet.  Flow,  18  gallons  per  minute.  Temperatun^,  08°. 
Cased  22  feet  with  3-inch  pipe.  Water  of  fine  quality,  and  is  pii>ed 
to  residence  and  into  fish  pond.  Record:  Surface  to  blue  marl,  22 
feet;  blue  marl,  22  to  122  feet;  layers  of  shell  rock  about  G  inches  in 
thickness  occur  several  times  in  the  marl.     Totrtl  depth,  104  feet. 

Two  miles  south  of  Rutherfonl,  on  plantation  of  S.  T.  Margaret,  is 

a  well  bored  by  W.  M.  Morrison  in  1001.     Depth,  175  feet.     Flows  1 

gallon  per  minute.     Record:  Cla}  and  sand,  15  feet;  blue  marl,  115 

feet;  gray  sand,  with  water,  00  feet. 

One  and  one-half  miles  northwest  of  Rutherford,  on  Hatcher  plan- 
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tatioD,  is  a  well  that  flows  5  gallons  per  minute.  Record:  Gravel 
sand,  and  marl,  160  fee'u.     Cased  with  3-inch  pipe. 

One  mile  northeast  of  Rutherford  is  the  well  of  W.  E.  Long.  Bore< 
by  W.  M.  Morrison  in  1898.  Total  depth,  120  feet.  Water  stood  a 
—4  feet,  but  well  flows  a  little  at  pi*esent. 

Two  miles  south  of  Rutherford  is  a  well  of  Gus  Battle,  eolorec 
Bored  by  W.  M.  Morrison  in  1901.  Record:  Clay  and  sand,  70 feel 
blue  marl,  140  feet;  water  sand,  30  feet.     Water  stands  at  —40  fee 

Seale. — Well  at  court-house.  Bored  in  1898  by  Wicker  &  Morr 
son.  Total  depth,  170  feet.  C'ased  to  120  feet  with  3-inch  pip 
Water  stands  at  —30  feet.  The  well  penetrated  90  feet  through  ds 
and  coarse  gravel,  sand,  with  small  black  grains  alternating  wil 
layers  of  shell  rock  from  0  inches  to  2  feet  in  thickness.  Rotten  b 
was  encountered  at  40  feet. 

Two  miles  north  of  Seale  is  the  well  of  J.  M.  Brannou,  bore<l 
1899.  Depth,  300  feet.  No  water.  Depth  to  blue  marl,  125  fe 
Bottom  of  well  in  quicksand.     Well  abandoned. 

Two  and  one  half  miles  north  of  Seale  is  the  well  of  J.  S.  Brannc 
Tota.1  depth,  400  feet.  Cased  entire  depth  with  4-inch  pipe.  Wh 
rises  to  —75  feet. 

Hatchefs  plantation. — On  Chattahoochee  River.  Four  or  five  fit 
ing  wells  are  reported  from  this  point. 

SUMTER   COUNTY. 

Epe.s. —  ,Vell  of  the  Epes  Cottcm  Oil  Company.  Bored  by  J.  I.  lla^ 
in  1899.  Location,  sec.  19,  T.  20,  R.  1  W.  Depth,  750  feet  (?).  Wal 
rises  just  to  the  surface  at  750  feet.  PLxcavated  5  feet  to  secure  flo 
Voliime,  little  less  than  a  gallon  per  minute.     Temperature,  70". 

Well  drilled  in  1808.  Owner  unknown.  Depth,  737  feet.  Stai 
in  the  Rotten  limestone  and  obtains  its  water  supply  from  the  EutJ 
sands.  Altitude  of  p]pes,  125  feet;  Record:  Blue  roek,  442  fn 
reddish  muddy  substance,  <J5  feet;  greenish  sand,  with  water,  103  fe 
hard  blue  rock,  12  feet;  stone,  8  inches;  rusty  hard  pan,  70  feet;  sto 
3  inches;  white  sand,  42  feet. 

Three  miles  southeast  of  p]pes  is  the  well  of  Mrs.  A.  M.  Tart,  Ix^ 
by  Murray  about  1852.     Depth,  03(^  f(M-t.     Ceased  400  feet.     Flow 
water  obtained  between  800  and  900  feet .      Flow,  28  gallons  per  minn 
Temperature,  79"^. 

Three  and  one-half  miles  north  of  west  of  Kpes,  in  sec.  11,  T. 
R.  2  W.,  is  a  well  of  T.  V.  White,  bored  by  C.  T.  White  in  I'J 
Depth,  700  feet.  Flow  originally,  3  gallons  pcM-  minute;  at  pres< 
less  than  1  gallon  per  minute.  Temperature,  72"".  First  water, 
500  feet,  rose  to  —3  feet.  Second  water,  at  550  feet,  rose  to  —15  fe 
Third  water,  at  7(K)  feet,  flows.  Casing,  320  feet,  lleeord :  Blue  r<M 
0  to  500  feet;  sand  with  water,  500  to  540  feet;  clay,  540  to  550  fe 
sand  with  water,  550  to  570  feet;  pink  soapstone,  570  to  7oo  f«»et. 
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FiTB  miles  northwest  of  Epes,  in  me.  9,  T.  20,  R.  2  W.,  in  a  well  of 
Louis  Brown,  bored  by  C.  T.  White  in  1901.  Deptli,  735  feet.  Water 
gtands  at  —15  feet.  Blue  rock  600  feet  thick.  Otherwise  record  is 
nmilar  to  that  of  T.  V.  White  well.  First  water,  at  600  feet,  rises  to 
-40  feet.  Second  water,  at  650  feet,  rises  to  ^40  feet.  Third  water, 
it  735  feet,  rises  to  —15  feet.     Temperature,  72°. 

A  well  at  Epes  700  feet  deep,  owner  unknown,  was  rei>orted  in  1899. 
Blue  rock  was  said  to  be  550  feet  thick.    Yield,  3  gallons  per  minute. 

OainesviBe.— Well  of  John  Rogers.  Depth  of  well,  630  feet.  Prin- 
dpal  water  supply,  630  feet.  Water  rises  to  +20  feet.  It  is  of  good 
qnality.  Well  starts  in  the  Rotten  limestone  and  obtains  its  water 
npply  from  the  Eutaw  group.  Blue  rock  is  reached  at  27  feet  from 
die  surface  and  is  383  feet  thick. 

Old  mill  well.  Owned  by  town.  Bored  about  1850.  Depth,  600 
feet  Formerly  overflowed,  but  is  now  pumped.  Yield,  1^  gallons 
per  minute.    Temperature,  69''. 

Well  of  Sam  T.  Jones  (Xo.  1).  Located  on  Wyndham  place,  ^ 
Bites  sonth  of  Gktinesville.  Flows  one-fourth  of  ii  gallon  per  minute. 
Ttanperature,  71**.     Flow  formerly  much  stronger. 

Well  No.  2,  2i  miles  south  of  Gainesville,  was  lx>red  by  C.  T.  White 
in  1901.  Depth,  700  feet.  Original  flow,  12  gallons  per  minute. 
Present  flow,  about  one-half  gallon  per  minute.  Temperature,  70**. 
First  water,  at  400  feet,  rising  to  —20  feet.  Second  water,  at  475  feet, 
rising  to  —20  feet.  Third  water;  at  700  feet,  rising  to  -f-17  feet. 
Record:  Soil,  0  to  20  feet;  blue  rock,  2(X)  to  4(X)  feet;  sand,  400  to  450 
feet;  clay,  450  to  475  feet;  »and  and  water,  475  to  700  feet. 

Well  No.  3,  one-half  mile  south  of  town,  was  lK>red  by  J.  Ladd  to 
360  feet,  and  finished  to  7(K)  feet  by  C.  T.  White  in  1901.  Water 
formerly  flowed,  but  now  stands  at  —1  foot.  Casing,  20  feet  of  5- 
inch  pipe.  A  flow  of  water,  rising  to  —20  feet,  was  encountered  at 
432  feet.  Record  from  300  fe(»t:  Sand  and  water,  360  to  400  feet;  suc- 
cessive strata  of  sand  and  soapstone,  400  to  700  feet. 

Six  miles  northwest  of  Gainesville  is  the  well  of  L.  A.  Knight,  bored 
^y  Howard  Horn  in  1855  (?).  Flows  H  gallons  jH^r  minute.  Consid- 
^rable  leakage.     TemiH»ratiire,  i'yif. 

Two  miles  northwest  of  (Gainesville  is  an  old  well  of  Mrs.  L.  A.  Lan- 
ord.  Flows  one-eighth  of  a  li^allon  per  minute  at  +-i  feet.  Temper- 
ture,  69°. 

One  and  one-half  miles  west  of  (Gainesville  is  the  well  of  Long  and 
'atterson.  Bored  by  .1.  W.  Patterson  in  liM)2.  Depth,  676  feet. 
Vater  rising  to  -f-3()  f<»(»t  at  67^>  feet.  An  ae(»id(»nt  stopped  flow. 
Vater  nows  tands  at  — 15  feet. 

One  and  one-half  miles  west  of  (Tainesville,  in  see.  4,  T.  21,  R.  2  W., 
8  a  well  of  Long  &  Patt(Msoii  (Xo.  1).  Well  bored  by  C.  T.  White, 
LIHH).  Water  stands  at  —1  foot.  Ceasing,  250  feet  of  2-inch.  Tem- 
XK»rature,  69^.     Depth,  700  feet.     First  water  at  475  feet,  rose  to  —40 
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feet.     Second  water  at  700  feet,  rose  to  —15  feet.     Record:  Blue  ix)ck, 

0  to  475  feet;  sandand  water,  475  to  515  feet;  successive  strata  of  blue 
rock  and  clay,  515  to  700  feet.  j 

Long  &  Patterson  well  No.  2  is  1}  miles  west  of  town,  in  sec.  4, 
T.  21,  R.  2  W.  Well  bored  by  C.  T.  White,  1900.  Depth,  700  feet. 
Casing,  250  feet  of  2-inch.  Estimated  to  be  12  feet  lower  than  No.  1. 
Original  flow,  about  6  gallons  per  minute.  Present  flow,  2  gallons 
per  minute.     Temperature,  74°. 

Two  and  one-half  miles  southeast  of  Gainesville,  in  sec.  13,  T.  21, 
R.  2  W.,  is  the  well  of  R.  H.  Long,  bored  by  C.  T.  White  in  1900. 
Depth,  600  feet.  Casing,  250  feet  of  2-inch.  First  water  at  350  feet, 
rising  to  —20  feet.  Second  water  at  600  feet,  rising  to  +20  feet. 
Original  flow,  15  gallons  per  minute.  Present  flow,  3  gallons  per 
minute.  Temperature,  72°.  Record:  Soil,  0  to  20  feet;  blue  rock, 
20  to  350  feet;  sand,  350  to  400  feet;  soapstone,  400  to  600  feet. 

In  sec.  2,  T.  21,  R.  2  W.,  near  Gainesville,  is  the  well  of  R.  H.  Long, 
bored  by  C.  -T.  White  in  1900,  Depth,  626  feet.  First  water  at  375 
feet,  rose  to  —15  feet.  Second  water  at  626  feet,  rose  to  +25  feet. 
Estimated  flow,  10  gallons  per  minute.  No  decrease.  Record :  Gravel 
and  sand,  0  to  43  feet;  blue  rock,  43  to  375  feet;  sand  and  water,  375 
to  475  feet;  **  soapstone,"  475  to  626  feet. 

Seven  and  one-half  miles  northwest  of  Gainesville,  on  the  Marsh 
place,  is  an  old  well  that  yields  1^  gallons  per  minute.  Tempera- 
ture, 70°. 

Four  miles  southeast  of  Gainesville,  on  Sam  Morgan  place,  in  sec. 
18,  T.  21,  R.  1  W.,  is  a  well  that  was  deepened  from  350  to  550  feet 
by  C.  T.  White.  Flow,  3 J  gallons  per  minute  at  +4  feet.  No 
decrease  since  well  was  deepened.     Temperature,  71°. 

Five  miles  south  of  Gainesville  is  the  well  of  Mrs.  Mooring.  Bored 
by  .Joe  Ladd,  colored,  in  1875  (?).  Flow,  1  gallon  per  minute.  Tem- 
perature, 71°.     Four-inch  easing  to  blue  rock. 

Four  miles  north  of  Gainesville  is  an  old  well  owned  by  .Mrs.  Ben 
Moy;     Well  in  decay.     Flow  very  weak. 

Three  and  one-half  miles  south  of  Gainesville,  in  sec.  18,  T.  21,  R. 

1  W.,  is  the  well  of  Tom  Minneiee,  colored,  bored  by  C.  T.  White  in 
1000.  Depth,  GOO  feet.  Casing,  300  feet  +.  Original  volume  esti- 
mated to  be  2o  gallons  per  minute.  Present  volume,  12  gallons  i)er 
minute.  First  water  at  300  feet,  rose  to  +10  feet.  Second  water  at 
OOU  feet,  rose  to  +25  feet.     Temperature,  71^. 

Ill  general,  the  first  water  in  the  vicinity  of  Gainesville  is  mueh 
more  saltv  than  the  second. 

Record:  Soil,  clay,  0  to  34  feet;  blue  rock,  34  to  270  feet;  sand  and 
water,  276  to  GOO  feet. 

Six  and  one-half  miles  southeast  of  (rainesville,  in  sec.  22,  T.  21, 
V.  1  W.,  is  an  old  well  of  .1.  A.  Rogers,  on  the  Swilley  place.  Flow, 
7  gallons  per  minute  at  +3  feet.     Temperature,  GU*^. 
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Five  miles  southeast  of  Gainesville,  on  the  Swilley  place,  in  sec.  20, 
T.  21,  R.  1  W.,  is  an  old  well  of  J.  A.  Rogers.  Water  formerly 
flowed,  but  now  stands  at  —8  feet. 

In  sec.  7,  T.  21,  R.  2  W.,  near  Gainesville,  is  a  well  of  J.  A.  Rogers, 
bored  by  C.  T.  White  in  1900.  Depth,  630  feet.  Casing,  300  feet  of 
3-inch  pipe.  First  water  at  375  feet,  rising  to  —24  feet.  Second 
water  at  630  feet,  rising  to  +20  feet.  Flow,  5  gallons  per  minute. 
Volume  constant.  Temperature,  73"^.  Record:  Soil,  0  to  20  feet; 
blue  rook,  20  to  375  feet;  sand  and  water,  375  to  475  feet;  '^soap- 
stone,"  475  to  630  feet. 

Six  miles  north  of  Gainesville  on  the  Sallie  Rogers  place,  is  a  well 
bored  by  C.  T.  White  in  1899.  Depth,  500  feet.  Casing,  30  feet  of 
3-inch  pipe.  Flow  originally  15  gallons  per  minute,  now  1^  gallons 
per  minute.  Temperatufe,  71°.  Estimated  -original  volume  of  first 
water  at  350  feet,  rose  just  to  surface;  of  second  water,  450  feet,  rose 
to  +30  feet.    Record:  Soil,  0  to  20  feet;  blue  rock,  20  to  350  feet. 

Two  miles 'south  of  Gainesville  is  the  well  of  T.  L.  Smith,  bored  by 
C.  T.  White  in  1901.  Depth,  735  feet.  Casing,*  320  feet  of  3i  and  2 
inch  pipe.  Originally  flowed  1  or  two  gallons  per  minute.  Record: 
Soil,  0  to  20  feet;  blue  rock,  20  to  400  feet.  Went  through  4  strata 
of  sand. 

Four  miles  southwest  of  Gainesville  is  a  well  of  William  Weir,  col- 
ored, bored  by  C.  T.  White  in  1900.  Depth,  700  feet.  Casing,  200 
feet  of  2-inch  pipe.  First  water  at  500  feet,  rose  to  —5  feet.  Second 
water  at  700  feet,  rose  to  +20  feet  (?).  Original  volume  estimated  15 
gallons  per  minute.  Present  volume,  1  gallon  per  minute.  Temx)era- 
ture,  71°.  Record:  Soil,  0  to  20  feet;  blue  rock,  20  to  500  feet;  sand 
and  water,  500  to  550  feet;  soapstone,  550  to  700  feet. 

Ldvingsfon, — City  well.  Depth,  1,062  feet.  Principal  water  supply, 
l,fX)5  feet.  Starts  in  the  Rotten  limestone  and  obtains  its  water  from 
the  Eutaw  sands.  Record:  Soil  and  sand,  20  feet;  Rotten  limestone, 
or  chalk,  030  feet;  Eutaw  sands,  112  feet.  The  flow  is  quite  small 
and  barely  reaches  the  surface,  which  has  been  lowered  a  few  feet. 
The  water  is  considered  esiKJcially  beneficial  to  health. 

About  11  miles  south  of  Livingston,  or  4  miles  west  of  Moscow,  in 
sec.  13,  T.  17,  R.  2  E.,  is  a  well  of  the  Allison  Luml)er  Company,  bored 
in  ltK)3-  Depth,  1,010  feet.  This  is  said  to  be  the  only  well  in  Sumter 
County  south  of  Livingston. 

Five  miles  west  of  Livingston  is  a  well  of  Sumter  Lumber  Company, 
said  to  be  the  only  well  in  Sunit^^r  County  drilled  west  of  Livingston. 
IJored  by  F.  H.  Braswell,  1902.     Never  finished. 

Warsaw^ — -Town  well  Xo.  1.  Located  in  stre(»t.  Bored  in  1848,  by 
Peter  Burns.  Depth,  KK)  feet  (?).  Diameter,  4  inches.  First  over- 
flow at  300  feet.  Well  originally  flowed  a  2-inch  stream.  On  sound- 
ing the  well  in  189:]  Peter  Cleiin^iits  found  it  to  be  only  300  feet  deep. 
Present  flow,  1^  gallons  per  minute. 
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Town  well  No.  2.  In  street,  150  yards  northwest  of  No.  1.  Bored 
by  Peter  Burns,  1849.  Depth,  450  feet.  Diameter,  4  inches.  First 
flowing  water  from  300  feet.  Flows  two-thirds  of  a  gallon  per  minute, 
1  foot  below  the  surface. 

Well  of  J.  W.  Gentry.  Bored  by  C.  T.  White,  1900.  Depth,  560 
feet.  Casing,  26  feet  of  3-inch  pipe.  First  water  at  300  feet,  rose  to 
+10  feet.  Second  water  at  5(50  feet  rose  to  +40  feet.  Original  flow 
estimated  to  be  250  gallons  per  minute.  Present  flow,  5|  gallons  per 
minute.     Temperature,  71°. 

Two  and  one-half  miles  north  of  Warsaw.  Well  of  Wiley  Barnes. 
Bored  in  1847.     Originally  gave  a  2-ineh  stream. 

Four  miles  north  of  Warsaw.  Well  of  Robert  Oliver.  New  well 
Flow,  5  gallons  per  minute.     Temperature,  70°. 

On  Mrs.  J.  W.  Bell's- place,  near  Warsaw,  in  sec.  33,  T.  23,  R.  2  W., 
is  a  well  that  was  bored  in  1851  by  Peter  Burns.  Depth,  400  feet. 
Original  flow,  1^-inch  stream  from  depth  of  300  feet.  Present  volume, 
1  gallon  per  minute.     Temperature,  68°. 

Three  miles  northwest  of  Warsaw,  on  old  Bell  place,  is  a  well  in 
which  water  stands  at  —18  feet. 

Four  miles  northwest  of  Warsaw  is  a  well  of  C.  J.  Brockway,  bored 
by  Ladd  in  1898.     Flow,  2  gallons  per  minute.     Temperature,  72°. 

One-half  mile  west  of  post-office  at  Warsaw,  in  sec.  33,  T.  23,  R.  2 
W.,  is  a  well  of  F.  M.  Grove,  bored  by  C.  T.  While  in  1901.  Depth, 
460  feet.  Casing,  20  feet  of  3i-inch  pipe.  First  water  at  250  feet,  rose 
to  —10  feet.  Second  water  at  300  feet,  rose  to  —10  feet.  Third  water 
at  400  feet,  overflowing.  Fourth  water  at  460  feet,  flows.  Yield,  1 
gallon  per  minute.  Temperature,  70°.  Water  found  beneath  a  thin 
solidified  layer. 

Four  miles  north  of  Warsaw,  on  the  Washington  place,  is  a  well  oi 
J.  J.  Little.     No  data  obtainable. 

One-half  mile  north  of  Warsaw,  on  J.  J.  Little's  estate,  is  a  wel 
bored,  alxmt  1850-1S(;0,  by  John  Horn.  One  and  one-half  inch  streaii 
originally,  but  now  yields  only  one- fourth  of  a  gallon  per  minute 
Temperature,  70°. 

Four  and  one-half  miles  north  of  Warsaw,  on  Andrew  Lyon's  place 
are  two  wells.  Well  No.  I  was  bored  in  1855  (y).  Water  stands  a 
—  60  feet.  Well  No.  2  is  40  feet  lower  than  No.  1.  Water  flows  1( 
gallons  per  minute.     Temperature,  60 '^. 

Eight  miles  west  of  Warsaw  is  a  w<»ll  of  Oliver  &  Oliver.  Snial 
stream. 

Seven  miles  southwest  of  Warsaw,  in  see.  0,  T.  22,  li.  3  W.,  ai*< 
two  wells  of  J.  11.  Pinson.  No.  1  was  bored  bv  J.  W.  Pattei*son  ii 
1902.  Depth,  702  feet.  Casing,  250  feet  of  2-ineli  pipe;  4-iiich  cas 
ing  at  top.  The  supply  is  from  the  third  water  horizon.  Will  i-is( 
to  +40  feet.     Flow,  2  gallons  per  minute.     Temperature,  71°. 


1  ALABAMA.  825 

Well  No.  2  was  bored  about  1855.    Flow,  one-third  of  a  gallon  per 
minute.     Temperature,  68^. 

Seven  miles  southwest  of  Warsaw,  in  sec.  23,  T.  22,  R.  3  W.,  is  a 
well  of  J.  W.  Patterson,  bored  by  C.  T.  White  in  1901.  Depth,  700 
feet.  Casing,  3^ineh  to  rock,  250  feet  of  2-ineh  pipe.  First  water  at 
460  feet,  rose  to  —30  feet.  Second  water  at  500  feet,  rose  to  —30  feet. 
Third  water  at  700  feet,  rose  to  +6  feet.  Estimated  flow,  1  to  2  gal- 
lons per  minute. .  Record :  Soil,  0  to  20  feet;  blue  rock,  20  to  200  feet: 
luffd  dry  sand,  200  to  300  feet;  blue  rock,  300  to  460  feet;  sand,  460 
to  500  feet;  soapstone,  500  to  700  feet. 

One-half  mile  northwest  of  Warsaw  is  a  well  of  J.  P.  Rogers,  bored 
in  1847  by  Peter  Bums.  Originally  gave  a  l^-inch  stream,  but  was 
abandon^  thirty  years  ago. 

One-fourth  mile  west  of  Warsaw,  in  sec.  33,  T.  23,  R.  2  W.,  is  a  well 
of  J.  P.  Rogers,  bored  by  C.  T.  White  in  1901.  Depth,  300  feet. 
Casing,  3-inch  to  rock.  First  water  at  220  feet,  rising  to  -f-10  feet. 
Original  volume,  6  gallons  per  minute.  Present  volume,  three-fourths 
of  a  gallon  per  minute.  Temperature,  69°.  Record:  Sand,  0  to  26 
feet;  blue  rock,  26  to  220  feet;  sand  and  water,  220  to  300  feet. 

One  and  one-half  miles  north  of  Warsaw  is  awell  of  William  Willis, 
bored  about  1850  by  John  Horn.     No  record. 

Five  miles  southwest  of  Warsaw,  on  MacRogers's  place,  is  an  old  well 
that  flows  li  gallons  "per  minute.     Temperature,  69°. 

On  the  old  N.  A.  Rogers  place,  in  sec.  33,  T.  23,  R.  2  W.,  near  War- 
saw, is  a  well  that  was  bored  by  Peter  Bums  in  1850.  Depth,  450 
feet.    Flowing  water  from  300  feet.     Well  is  now  in  decay. 

On  the  Rogers  estate,  near  Warsaw,  is  a  well  bored  by  Simon  A 
Ladd  in  1897.  Depth,  300  feet.  Diameter,  4  inches.  First  flowing 
water  at  250  feet.  Volume,  1^  gallons  per  minute.  Temperature,  68°. 
One  and  one-half  miles  northwest  of  Warsaw,  on  Nan  Stone  place, 
isa  well  bored  about  1845.  Original  stream,  1  i  inch.  Present  volume, 
one-half  gallon  perminnte.     Temperature  6!)°. 

Two  miles  northeast  of  Wai^saw  is  a  well  of  William  Peebles.  Orig- 
inally gave  2i  to  3  inch  stream.     Bored  in  1S45  by  John  Horn. 

Two  miles  south  of  Warsaw,  on  Taylor  place,  in  sec.  9,  T.  22,  R.  2  W., 
is  a  well  bored,  alK)iit  1855,  by  John  Horn.  Depth,  400  feet.  Cased 
below  rock  with  iron  pipe.  Good  stream  until  1002,  wlien  it  was 
stopped  by  entrance  of  sand. 

On  the  Weston  place,  near  Warsaw  (?),  is  a  well  l>ored  to  a  depth 
of  390  feet  that  flows  one-tliird  of  a  gallon  per  minute.  Tempera- 
ture, oir. 

York  station, — One  and  ono-half  milos  south  of  York  station  is  a 
well  of  W.  A.  Altnian  that  yields  strong  Epsom  salt  water,  contain- 
ing 441  grains  of  solid  niatt<M*  to  the  gallon,  209  grains  of  which  are 
magnesium  sulphate     (Analysis  by  ^ideological  survey  of  Alabama.) 
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Fosters  Ferry  Bridge, — Well  of  Mr.  Quarles,  bored  by  W.  M.  Mor- 
rison in  1902.  Depth,  300  feet.  Diameter,  3  inches.  Weak  overflow 
from  260  feet.  Flow  has  been  constant  since  first  few  days.  Volume, 
6  gallons  per  minute.  Temperature,  67°.  Record:  Sand  and  water, 
with  occasional  strata  of  blue  rock,  150  to  306  feet. 

HoUon. — Five  wells  at  furnace  of  Central  Coal  and  Iron  Company. 
Depth  of  No.  1,  544  feet;  of  No.  5,  200  feet.  No.  1  yields  50  gallons 
per  minute;  No.  2,  85  gallons  per  minute;  No.  3,  150  gallons  per 
minute,  and  No.  5,  about  200  gallons  per  minute.  Measurements  were 
made  by  testing  each  well  alone.  No  advantage  was  secured  by  low- 
ering the  water  below  —  70  feet.  If  lowered  beyond  that  point,  the 
water  could  be  heard  running  into  the  well.  Water  was  found  about 
60  feet  below  the  surface  and  is  about  89  feet  above  sea  level.  No 
decrease  in  No.  2  was  noted  after  No.  5  was  bored.  It  is  not  known 
what,  if  any,  effect  Nos.  3  and  4  have  on  No.  5.  The  water  is  used 
for  drinking  purposes  only,  as  it  carries  too  much  mineral  matter  for 
use  in  boilers,  which  are  now  supplied  from  the  river.  An  analysis 
of  the  water  of  No.  5  is  as  follows  (reported  by  owner,  analyst 
unknown) : 

Analysis  of  water  of  well  at  Holtoriy  Ala, 

[Parts  per  million.] 

Totalsolids 1,026.5 

Organic  matter 106. 4 

Silica.- 86.7 

Iron  and  aluminum  oxide    13. 0 

CaSO,.... 7.9 

Caa, 167.7 

CaSO,. 44.5 

MgCl, 110.1 

NaCl ....  451.1 

KCl - 24.3 

Four  wells  near  Iloltou,  all  similar,  owned  by  Central  Coal  and  Iron 
Company,  were  l>ore<l  by  lleflin  J^rothers  iu  1003.  Depth,  340  feet. 
Casing,  10-ineh.  Principal  supply  comes  from  —85  feet.  Water 
stands  at  —40  feet.  Each  w(*ll  is  said  to  yield  150,000  gallons  per  <lay. 
Record:  Soil,  0  to  10  feet ;  limestone,  ir,  to  ^2li\  feet ;  slate,  21f;  to  2\)\ 
feet;  ('h'ert  limestone,  201  to  340  feet.  Hard  water.  Limestone  oi* 
chert  probably  occurred  in  this  well,  the  mat^M-ial  so  called  being 
sandstone  and  shales. 

Hidl  siatlon. — Well  of  Oxford  &  Mosely.  Located  in  sec.  17,  T.  24, 
R.  5  E.  Bored  by  W.  M.  Morrison.  Depth,  234  feet.  Dianu^t^^r,  3 
inches.  Flows  38  gallons  per  minut^^  from  210  feet.  Temperature, 
67°. 

One  mile  southwest  of  Hull  station  is  a  well  of  Oxfoi-d  &,  Mosely. 


1  ALABAMA.  327 

dpth,  234  feet  (?),  water  rising  to  +4  feet  from  200  feet.  Flow,  30 
Uons  per  minute.    Temperature,  66^. 

Three-f ourths  of  a  mile  southwest  of  Hull  station  is  a  well  of  Oxford 
Moeely.  Depth,  290  feet.  Casing,  d-inch.  Flow,  1  gallon  per 
inute  from  260  feet.  Record:  Soil,  clay,  0  to  30  feet;  pink  sand- 
^ne,  30  to  200  feet;  sand,  with  thin  layers  of  blue  rock,  200  to  290 
et. 

Kings  Ferry. — ^Well  of  Henry  King  and  Charles  Vomer.     Located 
sec  13,  T.  20,  R.  4  E.    Bored  by  W.  M.  Morrison  in  1902.    Depth, 

0  feet.  '  Diameter,  3  inches.  Water  flowing  30  gallons  per  minute 
om  164  feet;  weaker  flow  from  200  feet.  Volume  constant.  Record: 
>a  and  clay,  0  to  30  feet;  blue  rock,  30  to  150  feet;  sand,  with  occa- 
onal  thin  strata  of  blue  rock,  150  to  200  feet. 

One  mile  above  Kings  Ferry,  on  the  river  bank,  is  a  well  of  Guy 
oster,  bored  by  W.  M.  Morrison  in  1902.  Depth,  170  feet.  First 
»wingwater  at  130  feet.  Other  flows  from  162 and  170feet.  Volume, 
)  gallons  per  minute.  Temperature,  66"".  It  is  stated  that  heavy 
uns  50  miles  north  are  followed  in  three  days  by  increase  in  volume  of 
tus  well.  It  is  thought  that  the  water  in  this  and  adjacent  wells  will 
ise  to  +20  feet. 

Lock  No.  4.— Sec.  24,  T.  21,  R.  2  E.  Bored  in  1900.  Depth,  185 
eet.  Diameter,  3  inches.  Original  flow,  30  gallons  per  minute. 
)ecrea8ed  20  per  cent  within  a  few  months. 

Lock  No.  ^.— Sec.  9,  T.  22,  R.  3  E.  Bored  by  W.  M.  Morrison  about 
900.  Depth,  160  feet.  Diameter,  3  inches.  Weak  overflow  from  95 
eet,  becoming  gradually  stronger  with  depth.  Overflowing  water, 
ising  to  +24  feet,  was  obtained  at  160  feet.  Original  volume  esti- 
nated  at  GO  gallons  i)er  minute.  Present  volume,  40  gallons  per 
oinute.  Temi)erature,  67°.  Water,  salty.  Record :  Sand  and  gravel, 
to  30  feet;  blue  rock,  30  to  00  feet;  sand,  water,  and  rock,  90  to  160 
eet. 

Lock  No.  6. — Bored  in  1900.  Depth,  333  feet.  Diameter,  3  inches. 
)riginal  flow,  12  gallons  per  minute.  Decreased  50  per  cent  within  a 
&w  months. 

Tuscaloosa, — About  9  miles  southwest  of  Tuscaloosa,  on  the  Slado 
lace,  is  a  well  (No.  1)  of  11.  A.  Jones,  bored  by  Martin  &  Morrison 

1  1902.  Depth,  100  feet.  Stopped  in  liard  rock.  Principal  water 
apply  at  150  feet.     Water  stands  at  —7  feet. 

Well  No.  2,  of  II.  A.  Jones,  located  100  yards  from  the  preceding, 
haracter  the  same. 

Nine  miles  southwest  of  Tuscaloosa,  in  sees.  5  and  6,  T.  24,  R.  5  E., 
re  four  wells  of  11.  A.  Jones,  one-half  mile  apart,  bored  by  W.  V. 
[orrison,  who  reports  tliat  the  depth  of  each  is  166  feet.     I)iam<*ter, 

and  4  inches.  Plrst  overflow  in  wells  1,  3,  and  4,  at  136  fe(^t;  in 
To.  2,  at  108  feet. 
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The  flow  of  these  wells  and  the  temperature  of  the  waters  are 
shown  below. 

Flow  of  wells  at  Tuscaloosa ,  Ala,,  and  temperature  of  waters. 


WoU. 

Yield  per 
minute. 

Tempera- 
ture. 

No.  1 1 

OtOlotu. 
70 

95 

u 

60 

66 

No.  2 

66 

No.  3 

64 

No.  ^  (wtlTTlftt^) 

65 

_ 

The  water  of  No.  3  seems  to  carry  more  mineral  matter  than  the 
others. 

Nine  miles  southwest  of  Tuscaloosa  is  a  well  of  S.  F.  Alston,  bore^ 
by  Martin  &  Morrison  in  1902.  Depth,  234  feet,  according  to  Mo^ 
rison.  Casing,  3  inches  to  blue  rock.  Water  rose  to  4-16  fee^ 
Original  flow,  75  to  100  gallons  per  minute.  Continued  at  this  rafr 
for  six  months,  until  Foster's  well,  one-half  mile  away,  was  bored 
when  it  fell  off  gradually  to  the  present  volume,  3  gallons  per  minute 
Temperature,  66°.  Record:  Clay,  0  to  6  feet;  dark  sand,  6  to  50  feet 
blue  rbck,  50  to  236  feet;  sand  and  water,  236  to  238  feet. 

About  9  miles  southwest  of  Tuscaloosa  is  a  well  of  Freedman  anc 
Loveman,  bored  by  W.  V.  Morrison  in  1902.  Depth,  320  feet.  Casing 
3-inch.  First  overflow  from  300  feet.  Original  flow,  4  gallons  pe: 
minute,  which  has  gradually  increased  to  the  present  flow  of  24  gal 
Ions  per  minute.  Temperature,  66°.  Record:  Soil  and  clay,  0  to  3( 
feet;  blue  rock,  30  to  150  feet;  sand,  with  thin  layers  of  hard  rock 
150  to  300  feet;  hard  rock,  300  to  320  feet.     Stopped  in  midst  of  rock 

Nine  miles  southwest  of  Tuscaloosa,  in  sec.  15,  T.  22,  R.  11 E.,  isa  wel 
of  Manly  Foster,  bored  by  W.  V.  Morrison  in  1902.  Depth,  234  feet 
Diameter,  3  inches.  Flowed  strong  stream  for  six  weeks  and  thei 
fell  off  suddenly  to  present  volume  of  2 i^  gallons  per  minute.  Tern 
perature,  66°.  Said  to  have  good  effect  and  notable  improvement  ii 
the  health  of  users.  Record:  Sand  and  gravel,  0  to  30  feet;  blu 
rock,  30  to  80  feet;  sand  and  water,  with  occasional  strata  of  blu 
rock,  80  to  234  feet. 

One  mile  south  of  Tuscaloosa  is  a  well  of  Roseman  Brothers,  bore< 
by  Ileflin  Brothera  in  1903.  Depth,  520  feet.  Diameter,  6  inches 
Water  obtained  at  325  feet,  rises  to  —14  feet.  Used  in  hosiery  niillh 
Good  drinking  water.  Record:  Soil,  0  to  30  feet;  quicksand  au< 
gravel,  30  to  115  feet;  limestone  and  chert,  115  to  200  feet;  slate,  20 
to  310  feet;  chert  and  limestone,  310  to  360  feet;  slate,  360  to  520  feet 
The  materials  reported  as  limestone  and  chert  are  in  reality  probabl 
sandstone  and  shales,  as  boring  samples  from  a  well  drilled  to  1,00 
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et  near  the  site  of  the  proposed  Friedmtin's  fnmace  show  no  lime- 
ones  or  cherts  within  the  range  of  the  well. 

H'inithi-da  Landinij.— At  Sylvan  poBt-offlee,  in  T.  M,  R.  i  E.,  awell 
AS  ixirecl  about  fifty  yeai-s  ago  to  a  depth  of  400  feet(?).  Flow  hita 
?eu  very  constant.  Flows  a  1-inoli  stream.  Water  pare.  Starts  in_ 
le  TuscslooHA  beds.     Owner  nnknown. 

WKLL  RECORDS  IN   WEST-CENTRAL  ALABAMA. 

The  table  following  comprises  data  ooiictToing  certain  wells  in 
Dallas,  Greene,  Hale,  Marango,  and  Poiry  counties. 
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[NO. 


Well  records  in  u 


No, 


1 
2 

8 

4 
5 


County. 


Dallas. 
...do.. 


..do 


Greene. 
Hale  .. 


6  . do 


....do 


8 

9 
10 

11 


12   ....do 


13 
14 
15 
16 
17 
IH 


....do 
-...do 
....do 
....do 
...do 


Town. 


Selma. 
do 


.do 


o 


a 

a 

o 


2      t 


if 
(J 

OB 


Entaw 

Greensboro . 
do 


Laneville 


Owner. 


J.M.Baker 

Knox  Academy. 

J.  L.  Schweizer  . 

J.O.Banks 

W.B.Inge 

M.  H.  Mun^hy  . . 


Location. 


DaU>  (• 
plett 


J.B.Garbor&Co. 


I.  P.  Lewis 


M.  S.  Heron 
J.  J.Hogue. 


W.H.Landei-8. 
F.  S.  MoiTisotte . 
do 


.do ' J.H.Turpin 

I        I  ' 

do i '  A.E.Walkor 

I 

.do I    4 

I 
.do Ft.  A.  Wbito  &  (%) 


SW.  ,  ('art«'r     Wa.shiiig- 
ton. 


Marengo   D('moix)lis 


Demopolis     ('<K)p- 

(THtlVO  Co. 


19  L...do 

20  I-.. -do 

21  I. ...do 


do ' Ledcr  Oil  Vn. 


do 
.do 


22  ...do. 

23  I  Perry 


do 

Uni<intown  . . 


'ii 


'M 


3i 


NE.   '  .Ino.(\W<'bb  . 


SE. 


S. 


do 


do. 

(i.D.Stobnwcivk. 


1410  Selma  street 

North  and  Mabry 
streets. 

Two  blocks  from 
Southern  R.  R.  sta- 
tion. 


Rugh  plantation 

Hill    place,    2     miles 
nortn  of  house. 

J    mile  southwest   of 
post-office. 

2  miles  southwest  of 
post-office. 

}  mile  north  of  station. 

i  mile  northeast  of  sta- 
tion. 

Stoi*e,  I  mile  north  of 
station. 

Residence,   |   mile 
south  of  station. 

P.   Morrisette  planta- 
tion. 

i  mile  southwest  of  sta- 
tion. 

Residence,   i    mil«^ 
north  of  station. 

4  miles  southwest  of 
station. 

Store,  i  mile  north  of 
station. 

Eastern  edge  of  city  . . . 


Feb.. 
Nov., 

Doc.. 

Jan.. 
July, 
Apr., 

May, 

June, 

Nov.. 
....d< 


do 

Sharp  jjlantation 

Baunigjirteii      pbiuta- 
tioii. 

Sledge  plantation 


Juu«', 

May. 

Sept. 

Apr.. 

May, 

Auj;., 

June. 

Jnn«'. 

May. 

Nov  . 
Jan  . 

July. 
Sept. 


txtrdl  AJt^nma. 


mnt          Sacond    1     Third 

wmtBT-    1     wrter.    |     wmtm. 

Fonrth 

! 
1 

h 
I 
s 

a 

i 

Howob- 
talnod 

1 

•s 

1 

1 

i 
1 

1 

1 

i 

1 
hi 

«. 

1 

1 

Ft. 

1 

1 

kL 

„. 

JL 

Wl. 

Ft. 

M. 

Fl. 

ir(. 

j^/. 

«   m 

« 

-» 

f» 

-u 

tab 

-7 

M5 

-X 

m 

tSI) 

Flows ._ 

» 

Bfi 

««. 

M 

-* 

am 

-I* 

m 

-1 

«0 

-* 

no 

w 

....do.._ 

MS 

SI 

7S 

»!« 

m 

-w 

«ift 

-e 

m, 

+a 

«ia 

+e 

4I» 

At 

....do  — 

«» 

W 

M 

u 

ij 

aa 

-^s 

+1* 

M 

IB 

....do     . 

W 

10 

IM 

ti    T» 

m 

«w 

-10 

m 

-.  w 

+s 

IDb 

fi 

....d.>.._ 

an 

in 

Ml)' 

M|  m 

m 

8U 

....do... 

StS 

IS 

^0 

<« 

-a) 

«B 

..-do... 

» 

1A 

m 

* 

«A 

au 

-t* 

3TS 
4«l 

+10 

' 

10 

....do... 

18 

1 

SWl 

• 

Ml 

an 

-i 

£88 
MO 

-So 

+s 

«0 

s 

Flows  . 

to 

1* 

1 

1 

i» 

WS 

AM 

-1ft 

A» 

-i 

Wrt 

.„ 

la  '  Flnws  . 

asB 

. 

B.JII 

B 

Hi>\ 

'Z 

»s 

-ni 

mi 

j 

,. 

i; 

ruii] t„..,iu.._ 

i«.| 

L 

_ 

_ 





MISSISSIPPI. 


By  L.  C.  Johnson  and  E.  C.  Eckel. 


The  geologic  structure  of  Mississippi  is  very  simple,  but  the  details 
of  the  distribution  of  various  formations  are  hard  to  maike  out  owing 
to  the  extent  to  which  the  underlying  rocks  are  concealed  by  more 
recent  deposits,  such  as  the  river  alluvium,  loess,  and  orange  sand  or 
Lafayette  formation. 

The  oldest  rocks  in  the  State  are  a  series  of  limestones  of  lower 
Carboniferous  age,  which  outcrop  in  northeastern  Mississippi,  cover- 
ing much  of  Tishomingo  and  a  small  portion  of  Itawamba  counties. 
To  the  south,  southwest,  and  west  of  this  older  rock  mass  newer  series 
of  rocks  outcrop,  occupying  successive  parallel  bands.     These  neAver 
rocks  dip  away  from  the  lower  Carboniferous  mass,  the  dip  varying 
in  direction  from  south  to  west  according  to  the  location  of  the  rocks- 
Along  the  Alabama  State  line,  for  example,  the  dip  is  practically  dtt® 
south,  along  the  Tennessee  line  it  is  almost  due  west,  while  in  inter- 
vening sections  it  is  southwest.     The  amount  of  the  dip  is  slight 
probably  averaging  al>out  25  to  35  feet  to  the  mile.    The  consequence 
of  this  dip  is  that  if  the  observer  should  start  in  Tishomingo  Count.1 
and  travel  either  south  or  west  through  the  State  he  would  find  him 
self  continually  encountering  newer  and  newer  series  of  rocks  unti 
he  finally  reached  the  very  recent  alluvial  deposits  which  fringe  tht 
gulf  and  the  Mississippi  River. 

The  table  on  the  following  page  shows  the  geologic  groups  whicl 
are  exposed  in  Mississippi,  the  newest  formations  being  at  the  top  o 
the  table  and  the  oldest  at  the  bottom. 

The  collection  and  compilation  of  the  well  records  and  notes  is  th« 
work  of  Mr.  Johnson,  while  to  Mr.  Eckel  is  due  the  credit  for  th< 
sketch  of  the  geology  of  the  State.     The  data  relating  to  the  watei 
supplies  of  the  various  formations  are  supplied  by  Mr.  Johnson. 
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chuttaiKHittcliBtlKbM.Ba-  . 


Kcne  rally  pc 
tuiuls     ADd     Uoderatti   un 


■]lLltUBC 

.    SnppKm    VBiiable.    i 
I     mfaor-"— ^ 


BipliT ---r- 

Betmk  chalk  or  Batten  lim 
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Well  record 
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1 1  II! 
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.   E.S.Caniller 

HrwortaCo.. 


(l'Roilly__. 
(irrollt'Jii 


I'.K.UUuwioj. 
li'RKiUy  .... 


.   J.T.McCuHwtj-  . 

.    A.KniUHP 

I  fimith-MMilia... 
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in  Mississippi. 

in  1VJ8.1 


How  ob- 
tained at 
rarfaoe. 


QnaUty. 


Pomp 

do 

....do 
...do 


Hard. 
...do. 


3 

0 

rs 

I 


Pi 

p 
cc 


Increase  or 

decrease  of 

snpply. 


Gait. 


Bucket. 
Pump  - 
do . 


CompretiMMi 
air. 

Bucket 

Pump 


...do 

do 

Flows 


None  appar- 
ent. 

Neither 

do 


Effect  of  Dump- 

ins[  on  level 

or  water. 


None  apparent 
do. 


Good... 

Hard.. 

...do.. 


I  None  appar- 
ent. 


Neither 
do-. 


Oeological 

horizon  of 

well  mouth. 


Geoloeica]  hori- 
zon or  principal 
water-bearing 
stratum. 


Lafayette.. 

Loess 

do 

do 


Oood. 

Hard. 
...do 


60 
70 


None  appar- 
ent. 

do 


Little 

None  apparent 

do 


do 

do 

I^fayette. 

do 


No. 


Grand  Gulf 


Base  of  Lafayette 

Lafayette 

Grand  Gulf 


...do 

....do 

Bucket 


...do. 
...do. 
Soft... 


do... 
do... 
do... 


Flows 


.do 


I  Compressed 

I  »ir. 

Mey 

I  Xone 

do 

I  Flows 


Soft.... 

....do... 
....do... 

Hard... 


100 
75 

100 

100 


Easily  lowered 

None  appar-  i  None  apparent 
ent. 


do 

do 

None. 


None  appar- 
ent. 

None 


do 

Little 


None  apparent 


0 
62 


138 


dt) 

Pump 
Flows 

do 

Pump 


do 

Plows 


Soft.al- 
kalme. 


Soft, 
do 
do 
do 
do. 


do 

-do 
do 


do., 
do.. 

..do.. 


.do 
.do 


3 

3 

3 
20 


None  appar- 
ent. 


LfXMW 

Lafayette.. 

..--.do 

(;!lail)ome . . 

Port  Hud- 
son. 

Alluvial 
bottom. 

Port  Hud- 
son. 


Lafayette.. 
Grand  Gulf 
do 


do 


Lafayette?. 


None  appar-  i Alluvial 

ent.  ;  bottom. 

Neither ' 


Lafayette.. 
Tuscaloosa. 


—  ..do 

Hatchetigbee . 
Lignitic 


Eocene  sand 
Lignitic 


Lignitic? 

Hatchetigbee?. 


None  appar-    None  apiwiront  Cretaceous, 
ent.  I  I 

do EaMily  lowered  Lafayette. . 

• Jackson 

L do 

Decreased  ...' '  Claiborne.. 


Tuscaloosa. 


•2 

8 

•4 

•6 
6 

7 

8 

•9 
10 

•U 
12 
13 

♦U 

15 

16 

♦17 
•18 

♦19 
♦20 


Lignitic |  *21 

Claiborne ^22 

do I  ^23 

do ^24 


Slight Alluvialsoil  Hatchetigbee.-. 


♦25 


Decreased-..    Lower» easily . ,  Lafayette do ♦26 


Little I  Alluvium do 

do Lafayette do 

Decreased     Slight ! do do 

slightly.       j 

Decreased  ...,  Easily  lowered do 

Variable do 


.do 


.do Hatchetigbee 

sand. 


do 


d 


<> 


Variable ' do 


De(rreaso<l 


Jackson 


Hatchetigbee . . 

do 

Claiborne 


♦27 

28 

♦29 

♦30 
♦31 

♦32 

♦88 
♦84 
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i  II 


^'iU 


All 


W.P  Cooper 

W  H.Pateram... 

F.H.  fiord 

D.CWard 

W  PCoopor 

Moaeley 


BloDewkU... 
WcMlpulnt . , 


Floyd  Hotel  ... 

Poole  A  Broim 

Brown's  Mill.. 
Leffitolt 

T.  L.WiinwriBht.. 


.    Jamee  L  Aloam'i 
.1  G«o.  RlchberBar . 


BaySt.Lontu'  CoUege 

...do R.  E.  Cnlg... 


.   O.W.Danlmraonii' 


_l do   ChBD-BiiaKer 

I        ^  f-tt-RtsnWBniiCol-'l     I 

,'     '"^'  }'"')"" 

■ do   St.  Josoiih'n  Acad.   

'                                 emy.                        ,        | 
do H.ThoIhtard 

(in TttllrLuni'lier  I'o  .  ' 

.|  Logtowii  ....   Boiili  *  Johnw.n  1.. 

*  Oeo  notes  at  end  uf  Uils  ULile. 
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Miasissippi — Continued. 


Howob- 
tahiMlat 
sorfMse. 

Quality. 

• 

1 

1 

Tncreaaeor 

decreaaeof 

supply. 

Effect  of  pump- 
ing on  leyel 
of  water. 

(Geological 

horizon  of 

well  mouth. 

(Geological  hori- 
zon of  principal 
water-bearing 

Wo. 

FtowB 

do 

Soft.... 

Gals. 

None  appar- 
ent. 

do 

Jackson  — 

0 

do 

C!alibome 

do 

*85 

....do... 

40 
40 
40 
15 
15 

16 

Ifi 
» 
10 
15 
10 

10 

10 

10 
15 
» 

*86 

do 

do 

do.       .. 

do 

♦87 

do 

Soft.... 
....do... 

do 

do 

do 

*88 

do 

do 

do 

do 

*8Q 

do 

....do... 

Deoreased 
slightly. 

None  ajypar- 
ent. 

do 

do 

do 

•40 

do -- 

....do... 

do 

do 

♦41 

do 

....do... 
....do... 

do 

do 

♦42 

do 

do 

do 

«w ........ — 

♦48 

Flows 

....do... 

do 

.      .do 

do 

♦44 

eo 

....do... 

Deoreased  ... 

do 

do 

♦46 

do 

do 

do 

do 

....do... 
....do... 
....do... 
....do... 

None  appar- 
ent. 

Slight  do- 
crease. 

None  appar- 
ent. 

do 

do 

do 

♦46 

do 

do 

♦47 

do 

do 

♦48 

do 

do 

♦49 

do 

do 

....do... 
....do... 

do 

do 

do 

♦JiO 

Decreased  25 
per  cent. 

None  apiiar- 
ent. 

do 

Lafayette.. 
do 

Hatchutiglwe 
i»nd. 

Tuscaloosa 

Hatchetigbee? . . . 
Lignitic 

♦.^l 

do 

do 

do 

Best.... 

♦••tfil 

Soft.... 
....do... 

8 

8 

22 

All  avium?  . 

River  bot- 
■  toms. 

PortHudson 

Lafayette.. 

Biloxisand. 

do 

58 

do 

54 

do 

Pomp 

Rows 

do 

do ... 

do 

....do... 

do 

do 

♦55 

Neither 

Decreased  ... 

Slight 

Grand  Gulf 

♦5« 

Soft.... 
....do... 
....do... 

....do... 

8 

5 

100 

86 

100 
40 
20 

6 

80 

40 
40 

46 

100 
00 

♦57 

do 

♦58 

None  appar- 
ent. 

do 

do 

Post-Tertiary.... 
do 

♦58 

do 

♦80 

do 

do 

....do... 
-.-.do... 

do 

do 

do 

♦61 

do 

♦62 

do.... 

do 

do 

do 

do 

do . 

do      ... 

....do... 

• 

do... 

....do... 

do... 

....do... 

....do... 
....do... 

None  appar- 
ent. 

Flnctuates... 

do 

Post-Tertiary  ... 

♦63 

do 

♦64 

None  appar- 
ent. 

do 

do 

♦05 

do 

Post-Tertiary  ... 
do 

♦66 

do 

do 

♦67 

do.... 

do 

68 

do 

do 

Post-Tertiary  ... 
Grand  Gulf? 

♦69 

do 

...-do... 

do 

Pontchar- 
train. 

70 

ibb1(X»— 04 32 
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Ooimtjr. 

Town. 

0^. 

Location. 

tl 

>• 

1 
■s 

i 

1 

i 

;! 

No. 

1 

1 

1 

Hancock 

do 

do 

Hlchobon.... 
Pk!«Tni»e  -... 

Wa*eluid... 

s 

17 

34 

isae 
I8«e 

IBM 

In. 

t 
£ 

3 
S 
81 

u 

s 

31 
»1 

e* 
H 

aw 
see 

488 
878 
483 

481 

8a> 

T15 

880 

seo 

800 

es 

600 

39) 
410 
8G7 
487 

41* 



+a 
+a 

+1S 

+« 
+a 

:" 

+a 

+7S 

+» 

7S 

J.W.BimiDonB 

zt"":::. 

18»4 

PoZ3 '■'"""" 

do 

do 

do 

do 

1888 
1888 

im 

18M 
1808 
1886 
1888 
IHW 

BMrlKm 

BUoxl 

Barntarla  L'annln  k 
BlkalCmningCo. 

1      ; 

1      i 

1      i 

KII 

. 

•84 
» 
86 
ST 

80 
V> 

in 

z 1 z 

:::::^:::::::i t 

do               '         do 

t 1::: 

d^ ,.-| --,-- 

mx 

B    4^'- Ua) 

1BB6 
IHW 

1880 

3 

St 
*( 

n 

31 

Zi 
2 

8 
£| 
11 
* 

Si 
3 

2* 

4ia 

890 

6W 

800 
880 
700 

seo 

780 

880 
880 
90D 
980 

m  1  .» 

I»» 

1,. 

+a 

+» 

+70 
+30 

do              '         do 

do.:::""i Z 

1         ! 

A« 

|  — -, 

1 

1         i 

ISOI 

1888 

1W7 

xm 

101 

do do _. 

.531 

\M 

'         1 

i 

1908 
1888 
1888 
1S» 

+50 

104 

lOA 
lOT 

1                           1      tal.  Ship  iBlnnrf. 

1         1 

!,J 

1         1 

..— <lo do 

Q.*8.I,R.H 

-..'.... L- 

::::::  -.^^ 

1  +»^ 

1     1 

+1* 

i+f*' 

do                 j          flo 

Loonard    Lumber  |   T  |  11  ]  » 

a]  TOO 

109  AHD 
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issippi — Contintied. 


irob- 
ted  at 
face. 

QfuOity. 

• 

3 

1 
1 

InoreaM  or 

decrease  of 

8ai>ply. 

Effect  of  pnmp- 

ing  on  level 

or  water. 

Oeological 

horizon  of 

well  month. 

Oeoloffical  hori- 

son  orprincipal 

water-bearing 

stratum. 

No. 

rg 

Soft.... 
....do... 

GaU. 
28 
27 

26 

75 
80 
80 
26 
80 
80 
150 

126 
TO 

800 
TO 
00 
SO 
85 

425 
40 

150 
50 
40 

176 
50 

800 

100 

50 

100 

175 

00 

450 
25 

Neither 

PortHndson 

Pontchar- 
train. 

BOoxiaand, 
do 

Grand  Gulf 

•71 

lo 

do 

78 

lo 

....do... 

None  appar- 
ent 

do 

•78 

k> 

....do... 

•74 

lo 

....do... 

do 

do 

•75 

lo 

....do... 

do 

do 

•70 

lo 

....do... 

do 

do 

77 

lo 

....do... 

do 

do 

•78 

lo..    . 

....do... 

do 

do 

79 

lo 

...do... 

do 

do 

80 

lo 

....do... 

do 

do 

81 

]o 

....do... 

do 

do 

88 

lo 

....do... 

do 

do 

88 

lo 

.do  . 

...  .do 

do.... 

•84 

lo 

....do... 

do.. 

do 

85 

lo 

....do... 

do 

do 

88 

lo 

do... 

do 

do..  . 

87 

lo 

...do... 

do 

do 

•88 

lo 

.  do... 

...do 

do.... 

80 

lo 

..do... 

....do 

do 

80 

lo 

do... 
....ao... 

do 

do 

•91 

lo 

....do... 

....do... 

....do... 

...do... 

.do 

do 

•92 

lo 

..    .do 

do 

98 

lo 

No  f^-hf^ng^ 

...do 

94 

lo 

None  appar- 
ent. 

do 

do 

96 

lo 

...do... 

.  .do 

•98 

lo 

....do... 

do 

do 

•97 

lo 

do 

do 

.  ...do 

98 

lo 

.  .do... 

..do 

do 

•90 

lo 

do 

...  do 

do 

•100 

lo 

do. 

do 

do 

101 

lo 

.  ..do... 

do 

do 

Post-Tertiary  ... 
Grand  Gulf 

•108 

lo 

....do... 

do 

do 

♦KB 

lo 

do 

00 

80 

00 

160 

175 

eo 

100 
175 

do 

do 

104 

lo 

do 

do 

do 

105 

lo 

do  . 

do 

do 

106 

io 

do 

do 

do ' 

107 

do 

do. 

do 

do 

108 

do 

....do... 
....do... 
..-.do... 

do 

...do 

109 

do 

do 

do 

110 

do 

Variable 

Alluvium.. 

Pascagoula 

•111 
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Watrteon 


Oranty. 

...„. 

LooftUon. 

i 

1 

■s 

1 
i 

IJIOI 

WO 

«» 

■no 
Tn 

MO 
514 
300 

1^ 

«> 
U3 

MO 

sm 

491 

an 

Oft 
MO 
42U 

ra 
eai 

040 

sit 

SIO 

6ln 
eao 

Z 

1 

4 

I 

m 

1 

Ho. 

£■ 

1 

i 

! 

do 

LonnBaauJi.. 

HowteoD    LnmhoT 

I8W 
UM 

1BB7 
l»B 

im 

IBffi 

iHQie 

itw 

ine 

ISM 

was 

In. 

I 

X 

a 
s 

31 

I 

S 

3 

St 

i* 

s 
£ 

a 

a 

9 

s 
» 

a 

ut 

do 

do 

—..do 

do 

do 

lie 

L.*N,B.R 

... 

Z :: d„' 

UD 

:::::d:: 

. do 

do 

Mr.Soria 



1 

1     tlan. 

do ' do 

..__.dD ___..do. .___._. 

L 

uu 

dii._ 

do 

do 

ilo 

do 

do 

do 

do 

CitT 

—..do -. 

do 

do 

.." 

■■■"'1 

IS 

:::::do  :::::::: 

im 

IHMT 
18M 

t» 

do ' do 

do 1 do 

do do 

do -.--do.- 

>!" --'l" 

.-...do..- do 

A) (io 

....do do 

--;;, 

1 

Its 

Jdo.  Cumin 

jQO.A.Rnttor- 

H.K.H«ui!Jp 

E.H.-«d»r 

Mfik'anUulfHoO-l 

E: 

1««      2, 
lOHB      HI 

IHUB       3 

...do do 

Uo do 

....do- do 

.  ..do do 

....do do 

do                                 1 

PiissPiu'kiiiKC...     ■  ...'....'..  . 
Debtor  P.™ult '     ..'.... 

tao'...-  - 

,091' - 

H.Piivu..   

eitl 

.^] 
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Tpi — Gontinned. 


It 

Quality. 

g 

I 

1 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  leyel 
or  water. 

Geologrical 

horizon  of 

well  mouth. 

Oeoloffical  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Ga2«. 
0 

60 

70 

m 

fiO 

lao 

160 
70 
SO 

eo 

ISO 
170 

00 

70 

eo 

40 
5« 
40 

150 
ISO 

MO 

25 

200 

eo 

80 
60 

eo 

170 
60 

100 

60 

70 

50 

60 

60 

60 

50 

50 

250 

250 

250 

60 

ni2 

Soft.... 
....do... 

None  appar- 
ent. 

do 

........ 

Biloxisand. 
do 

118 

114 

....do... 

None 

do 

Grand  Gulf? 

115 

....do... 

None  appar- 
ent. 

do 

do 

lie 

....do... 

do 

117 

....do... 

do 

do 

♦118 

....do... 

do 

do 

*119 

....do... 

do 

do 

120 

do... 

do 

♦121 

do... 

do 

Biloxisand. 
do 

•122 

do... 

Little 

12B 

....do... 
....do... 
...do... 
....do... 
....do... 
....do... 

....do... 

do... 

do... 

do 

do 

124 

do 

do 

125 

do 

do 

126 

do 

do 

•127 

do ' 

do 

128 

None  appar- 
ent. 

do 

do 

129 

do 

180 

do 

do 

181 

do 

do 

182 

do  -  -  - 

do.... 

do 

•188 

....do... 

....do... 

...do... 

do 

do 

184 

None 

do 

Grand  Gulf? 

185 

None  appar- 
ent. 

do 

do 

186 

...do... 

do 

187 

...do... 
..do... 

do 

do 

188 

Little 

do 

180 

....do... 

....do... 
.do... 

None  appar- 
ent. 

do 

do 

140 

, 

do 

141 

do 

:::::: > do 

• 

142 

....do... 

do 

do 

1    .    do.      .. 

148 

do.... 

do 

144 

"1  "'"do 

do. 

do ' 

145 

do.. 

do 

do - 

146 

^         do 

do 

do 

147 

do... 

...  .do 

do 

148 

do 

do 

do 

Post-Tertiary — 

149 

do 

.do 

do 

♦150 

do 

do 

do   

♦151 

do 

do 

do 

Pas(*agoula  marl . 

152 

:;z;;:do;:: 

do 

do 

\  ^\^^ 

HYDBOLOOT  OF  EA8IEBH  UNITBD  STATES,  1903. 


Labretla... 
LaoderdKlH. 


Wortbam.- 


BUoil  Lumber  ftnd 
Export  Co. 

J.C.Wthnolh 


Oitord 

LttadenlBlH 


■W.S.Oordont 

City 

W.B.JODSH 

Dr.L.S.Bogo™.... 

J.B,  Canon 

A.E.LewiH 

Dantzler   Lnmbcr 

Co. 
Denny  Lnmber  Oa. 

F,H.I.Bwia_ 

J.J.Knhn 


Wm.DnPan... 
CbiH-ZetKler... 
Mr.Sulliran.... 
J.Feitog 

JobuBlsnk 


Qeorge    Base,    at 

Bloctrlc  lee  Co 

City 

F.H.Ij8w1h_ 

County 

KlOEBtOD  Lumber 
Co. 


Uoivereily 

M  *O.B,R..„ 

M  notes  Bt  end  of  tbta  table. 
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aoi 

Mil 

«w 

1^ 

ffiO 

tea 
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fiSO 
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Migiiisippi — Contiiitied. 


Howob- 
tiiiied>at 
mirfiftoe. 

Qiwlity. 

« 

1 

1 

Increase  or 

decrease  of 

sapply. 

• 

Effect  of  jmmp- 

inx  on  leyel 

of  water. 

Oeological 

horizon  of 

well  month. 

Oeological  hori- 

Bon  ofprincipal 

water-bearing 

stratum. 

No. 

OaU. 
0 

75 

85 
80 

♦154 

Plows 

Steam  pnmp 
do 

Fiowii 

do 

do 

do 

Boft.... 

Good... 
Hard... 

Soft.— 

Decreased  ... 

Little 

do 

Lowe  red 
slowly. 

Slight 

Lafayette? . 
do 

Pascagonla 

UpperClaibome. 

Under    Jackson 
marl. 

Hatchetigbeo?... 
Claiborne? 

•155 
*156 

do 

do 

♦157 

None  aiypar- 
ent 

do 

Second  riv- 
er bottoms. 

do 

158 

Hard... 

Soft.... 

....do... 

12 
180 
200 

80 

70 

eo 

40 

26 
400 
150 

80 

26 

eo 

00 

50 
00 
26 

100 
260 

100 

♦150 

do 

• 

♦160 

None 

•161 

do 

do... 

None  appar- 
ent. 

do 

Lafttyette 
sand. 

Biloxlsand. 

do 

Hatchetigbee?... 

Pascagotda 

do 

•168 

do...... 

.-..do... 

•168 

do 

do 

Plows 

do 

do 

do 

do 

do 

....do... 
do... 

Soft.... 
Hard... 
Soft.... 

....do... 

....do... 

....do... 

do 

•164 

do 

do 

do 

165 

do 

do 

♦166 

Neither 

Grand  Gulf? 

Pascagonla 

Clay  above  Pas- 
cagonla. 

Poet-Tertiary 
clays. 

do 

♦167 

None  appar- 
ent. 

do 

Biloxlsand. 
do 

•168 

169 

do 

do 

170 

.....do 

do 

•171 

do 

....do... 

do 

do 

do 

172 

do 

....do... 

do 

do 

do 

173 

—...do ...... 

....do... 

do 

do 

do 

174 

do 

do 

do 

....do... 

....do... 
..-.do... 

do 

do 

Post-Tertiary 
sandR. 

do     

176 

do 

do 

176 

Neither 

do 

Pascagonla 

do 

•177 

do 

do 

do 

do ...... 

....do... 

Alkaline 

Soft.... 
....do... 

None  appar- 
ent. 

do 

do 

•178 

do 

do 

•179 

240 

150 

00 

do 

do 

•180 

do 

do 

do  

181 

do 

....do... 

do 

do 

do 

•1H2 

Tfat-H 

Lafayette., 
do   

Grand  Gulf? 

do 

*1K» 

Pump 

do 

Soft.... 
....do... 

150 

150 
880 

140 

None  api)ar- 
ent 

do 

None  appar- 
ent. 

do 

•184 

do 

do 

•186 

Oompress- 
edalr. 

do  .    .. 

do... 

do... 

do 

do 

None 

do 

do 

•186 

do 

do 

do 

187 

'^n&D 

. do... 

do 

SliKht 

do 

Lignitic 

•188 

"""*' ...... 

— -,,do ...... 

....do... 

do.. 

None  observed 
Lowered 

do 

do 

188 

do 

do... 

115 

do 

do 

Manafalia? 

•180 

HrDSOLOOY   or  EA8TEBN  UNITED  STATES,  IMS. 


_  OItoUly.._. 
.   CarruUtuD. 


WdlrtfvrA 

I  m 
1 ,1  f-' 


Oaa  Companf 

ElirtrIcLlght,Hm1  .. 
and  Power  CO. 

C.B.  Bennett 

Cotton  Hills  No.  e., 
K(4Bb«x]rieFB«toTr .. 


•an  ,  Chtnlcuaw. .. 


WftteriTorksCo.-. 

A.H.HantB 

milsnAOweiw... 

0-R(dlly  _ 


Cltj- 

Water  worlcB  Cu.- 


«      JtO  ,    5SII     ■ 


4  I  u  ' : 


tfW  I  3 
'  l»ll  !  3 
'.  IBOI  .    .3 


.     UlwllMipill 


BB  »t  end  of  this  table. 


BCSaiBSllTI. 


Itt- 

q»-i«T. 

1 
1 

mpplj-. 

Effect  of  jraiiip- 
inij  uQ  fov.-l 
u(  wntiir. 

Gmla«i«l 
well^uli. 

OcoloeloK]  hori- 
zon of prin.rtpi.1 
wator^benrinK 

No. 

0aii 

lir«Illiar 

do 

I*f.jroM*., 

Or»iidGnlf 

BawofL&fKrette 

LBl^yette 

OnuidOnU 

L»f»r«w 

OrmndOnU 

do 

-—do..-.- 

I*(«JMW 

---do 

— 

....*»... 

HoOBBnoi- 

Good... 

Bar*-.. 

iiDoi  — 

p:::: 

uVub' 

iFIlt, 



do 

,  — -do 

dn 

Lo™ 

I-afiLrott..- 

...-do 

CtalbDrno- 
PoTt  Hnd- 

bottom^ 
Port  Hud- 

-...do.- 

>to.. 

Bort..-. 

no 
ua 

11 

«»..^. 

—- 

11 

^^ 

do 

"SSE*"-"- 

IB 

w 

Lftteyetter. 

LlpdUe! 

Sort.... 

«^.p^- 

bottom. 

»d 

....do... 
H»d... 

SOTa.pp«r- 
do - 

1 
BMUr  lowwed  I,.tayBM6- 
1  J»ci™n.._  . 

1       a., 

•a) 

CUiborne 

•a 

■SK 

» 

CtailmniB-. 
AllurlBl  soil 

— -do,.. 

n 

VartablB 

Eully  lowered 

do 

do 

Hj^=botl.b„ 

HBtchotiKbsv-.. 

•w 

....do... 

do 

•M 

....do... 

D,>.-f«w,,l 

.iK-kBon.... 

•M 
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Mitsissippi — Oontiimed. 


• 

1 

Bow  oh- 

tiined>t 

Qnality. 

Tncreaaeor 

decrease  of 

sapply. 

Effect  of  nomp- 

ing  on  level 

of  water. 

Geological 

horizon  of 

well  month. 

Geological  hori- 
zon of  principal 
water-hearing 

No. 

• 

1 

, 

Gals. 

nowB ... 

Soft.... 

None  sppar- 
ent. 

Jackson 

CaUbome 

*85 

do 

....do... 

40 
40 
40 
15 
15 

do 

do 

do 

*86 

do 

do 

do 

do.... 

♦87 

do 

Soft.... 
....do... 

do 

do 

do 

*8R 

do 

do 

do 

do 

*8Q 

do 

....do... 

Decreased 
slightly. 

do 

do 

♦40 

do 

....do... 

15 

None  si>par- 
ent. 

do 

do 

♦41 

do - 

....do... 

15 
» 
10 
15 
10 

do 

do 

do 

♦42 

....do... 

do 

...do 

do 

♦48 

FlowB 

....do... 

do 

...do 

do 

♦44 

i    io 

...-do... 

Decreased  ... 

do 

do 

♦45 

:  do 

....do... 

None  appar- 
ent. 

do 

do 

♦46 

i 

do 

....do... 

10 

Slight  de- 
crease. 

do 

do 

♦47 

do 

....do... 

10 

None  appar- 
ent. 

do 

do 

♦48 

t 

do 

....do... 

10 
15 

do 

do 

do 

♦40 

do 

....do... 

do 

do 

do 

♦iiO 

do 

....do... 

Decreased  25 
percent. 

Lafayette.. 

H  a  t  c  h  e  t  i  gbee 
sand. 

♦51 

do 

Beet.... 

None  appar- 
ent. 

do 

Tnscaloosa 

♦52 

do 

Soft.... 

8 

do 

Allavium?  . 

Hatchetigbee? 

58 

do 

....do... 

8 

do 

River  bot- 
■  tonifl. 

Lignitic 

54 

do 

....do... 

as 

do 

PortHndHon 
Lafayette . . 

do 

♦55 

H*rd 

Neither 

Sliirht 

Grand  Gnlf 

♦56 

PIOWB 

do 

Soft.... 
....do... 

8 

5 

100 

Decreased    . .    

Biloxisand. 
do 

*57 

do 

■ 

♦58 

do .. 

-...do... 

None  appar- 
ent. 

L  ...do.  .. 

Post-Tertiary.... 

♦59 

....  do 

....do... 

86 

100 
40 
20 

do 

do 

do 

♦60 

do 

....do... 

do 

do 

do 

♦61 

do 

....do... 

do 

♦68 

do 

....do... 

None  appar- 
ent. 

do.... 

Post-Tertiary  ... 

♦63 

t 

do 

....do... 

6 

ao 

Fluctnates ...                  -  -  

do 

♦64 

do 

....do... 

None  appar- 
ent. 

.  ...do 

•ftt 

do 

.-..do... 

40 

do 

do 

Post-Tertiary  ... 

♦66 

do 

....do... 

40 

45 

100 

do 

do 

do 

♦67 

do 

....do... 
....do... 

1 

do 

do 

6K 

do 

1 

do do 

Post-Tertiary  . . . 

♦69 

do 

....do... 

60 

do 

Pontcbar- 
train. 

Grand  Gnlf? 

70 

\ 
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issitsijppi — Contixmed. 


Howob- 
tetnedat 
sbtCmm. 

QiaUtj. 

• 

S 

1 

i 
1 

0 

IiiGrease  or 

decrease  of 

sapply. 

^ffectof  pnmp- 

inff  on  level 

of  water. 

Geological 

horizon  of 

well  month. 

Oeological  hori- 

2on  of  principal 

water-bearing 

stratum. 

No. 

noiTB 

Soft.... 
....do... 

Gate. 
28 
27 

26 

75 
80 
80 
26 
80 
80 
160 

125 
70 

300 
70 
00 
60 
85 

425 
40 

150 
60 
40 

176 
60 

aoo 

100 
60 

100 

175 
00 

450 
25 

Neither 

Portflndaon 

Pontchar- 
train. 

Biloxiaand. 
do 

Grand  Gnlf 

•71 

....do 

do 

n 

....do 

-..do... 

None  appar- 
ent. 

do 

♦78 

.....do 

....do... 
....do... 

♦74 

.....do 

do 

do.... 

♦75 

do 

..-do... 
....do... 
....do... 
....do... 
....do... 

....do.- 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
-..do... 
-..do... 
....do... 
....do... 
....do... 
.-.do.- 

....do... 

....do.- 

..do.- 

do 

do 

♦70 

.....do...... 

do 

do 

77 

do 

do 

do 

♦78 

do 

do 

do.... 

7B 

....  do 

do 

do. 

80 

....do 

do 

do 

81 

...  do 

do 

do. 

88 

...  do 

do 

do 

88 

-...do 

do 

do 

♦84 

-...do 

do 

do 

85 

—do.. 

do 

do 

80 

—.do 

do 

do.    . 

87 

—..do 

do 

do 

♦88 

do 

...do 

do 

80 

do 

....do 

do.... 

90 

do 

do 

do 

♦91 

do 

do 

.-do... 

♦02 

do 

do 

do 

do 

..  .do 

...  -do.... 

8» 

No  change . . . 

do 

04 

None  appar- 
ent. 

do 

do 

95 

do 

♦90 

1 do 

do 

do 

♦97 

do 

do 

.  ...do 

98 

do 

....do.- 
..-do... 

do... 

....do... 
do... 

.  do 

....do 

♦90 

do 

do 

do 

♦ino 

do 

.  .do      

.do 

101 

do 

do 

do 

Post-Tertiary  ... 
Grand  Gulf 

♦102 

do 

do 

do 

♦103 

do 

....do... 
....do... 
....do... 
-..do.- 
....do... 
do 

00 

80 

00 

150 

175 

60 

100 

175 

.    .do 

do 

104 

...  do 

do 

..  do 

105 

do 

...    do  .... 

do 

106 

...do 

do              '         

....do 

107 

...  do 

do                     

do 

108 

do 

do 

do 

100 

-    do 

do. 

.      do     

do 

no 

....do- 

....do.. 

Variable 

Alluvium . . 

Pascagoula 

♦111 
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p 
a 

a 

i 

1 

Increase  or 

decrease  of 

snpply. 

Effect  of  pump- 
ing on  level 
of  water. 
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horizon  of 

well  month. 

(Geological  hori- 
zon of  principal  ■ 
water-bearing 
stratum. 

No. 

OaU. 
0 

60 

TO 
4fi0 

50 

leo 

150 
70 
GO 
00 

USO 

ITO 
00 
TO 
00 
40 
M 
40 

150 

150 

2& 

25 

aoo 

60 

80 

50 

fiO 

170 

60 

100 
60 
70 

no 

60 
'      60 

1    no 

1 

250 
250 

♦112 

Flows 

Soft.... 
.-..do... 

None  appar- 
ent. 

do 

Bilozisand. 
do 

118 

....do 

114 

do 

....do... 

None 

do 

Grand  Gulf? 

115 

do 

....do... 

None  appar- 
ent. 

do 

do 

116 

do 

....do... 

do 

117 

do 

....do... 
....do... 

do 1 

do 



•118 

....do 

do 1 

do 

•119 

....do 

..-.do... 

do ! 

do 

do 

120 

....do 

....do  — 

•121 

....do 

..-.do... 

do 

BUoxisand.' 

1 
do i 

•122 

....do 

....do... 

Little 

12S 

....do 

....do... 

do 

do 

124 

....do 

....do... 

do 

do 

126 

do 

...do... 

do 

do 

126 

do _ 

....do... 

do ' 

do 

•127 

do 

....do... 

do 

do 

128 

.^..do 

....do... 

None  appar- 
ent. 

do.... 

' do 

129 

do  

....do... 

do 

180 

do 

..-vdo... 

do 

do 

181 

do 

....do... 
....do... 
....do... 
...do... 
....do... 

...do... 
...-do... 
--..do... 

do 

1 do ' 

1H2 

do 

do 

do 

do 

do 

do 

.     .  .                       ' do 1 - 

♦188 

do 

do 

184 

Non«» do 

Grand  Gulf? 

185 

None  ai)i>ar- 
ent. 

do 

do 

186 

do 

187 

do 

do 

do 

188 

do   

Little 

do 

180 

do 

....do... 

None  iipjMir- 
ent. 

do 

do 

140 

do 

....do... 

1 

do 

141 

do 

....do... 
.-..do... 

do 

do 

142 

...do 

<1<) do. 

'.  143 

-.    do 

l...do..- 

L...do... 

'-...do... 

....do..- 
L...do... 
'....do... 

....do... 
'...-do... 

....do... 
!....do... 

do 

do 

do 

do 

.  ..do. 

144 

...do 

...do 

d(j 

do 

do 

1 do 

145 

146 
147 

-.-.do 

...do 

-...do 

do    

^i'> - 

do ..' 

..      .do '. 

d<. 

' do 

do 

do 

do 

'  Post -Tertiary.... 

1 

148 

149 

♦150 

♦151 

Plows 

do 

Piks<*af?oula  marl . 

152 

....do 

do 

do 

158 
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HowoS- 
tained>ai 
lorflMe. 

Qfulity. 

• 

1 

a 

i 

1 

Increase  or 

decrease  of 

sapply. 

• 

Effect  of  pomp- 

inff  on  level 

of  water. 

Geological 

horizon  of 

well  month. 

Gheological  hori- 
zon ofprincipal 
water-bearing 
stratum. 

No. 

OaU. 
0 

76 

86 
80 

♦154 

PkjfWB 

do 

Plows 

do 

do 

do 

Soft.— 
Good... 

HATd... 

Soft.... 

Decreased  ... 

Little 

do 

Lowe  red 
slowly. 

Blight 

Lafayette? . 
do 

Pascagoola 

UpperClaibome. 

Under    Jackson 
marl. 

Hatchetigbeo?... 
Cbdbomer 

♦156 
♦156 

do 

do 

♦167 

None  appar- 
ent. 

do 

Second  riv- 
er bottoms. 

do 

15R 

Hard... 

Soft.... 

-...do... 

12 
180 
200 

20 

70 
60 
40 

26 

400 
160 

80 

26 

60 
60 
50 
60 
26 

100 
260 

100 

♦150 

do 

• 

♦160 

None 

♦161 

do 

..-.do... 

None  appar- 
ent. 

do 

Lafayette 
sand. 

Biloxisand. 

do 

Hatchetigbee? . . . 

Pascagoula 

do 

♦162 

do 

....do... 

♦168 

do 

....do... 

do 

♦164 

do 

Flows - 

do 

do 

do 

do... 

Hoft.... 
Hard... 
Soft.... 

-..do... 

do 

do 

do 

166 

do 

do 

♦166 

Neither 

Grand  Golf? 

Pascagoula 

Clay  above  Pas- 
cagonla. 

Poet-Tertiary 
clays. 

do 

♦167 

None  ajypar- 
ent. 

do 

Biloxisand. 
do 

♦168 

160 

do 

do 

....do... 
....do... 

do 

do 

170 

do 

do 

♦IT! 

do 

....do... 

do 

.do 

do 

172 

do 

....do... 

do 

do 

do 

173 

do 

....do... 

do 

do 

do 

174 

do 

....do... 

do 

do 

Post-Tertiary 
sands. 

....  do 

175 

do 

do... 

do 

do 

176 

do 

....do... 

Neither 

do 

Paacagonla 

do 

♦177 

do 

....do... 

None  appar- 
ent. 

do 

do 

♦178 

do 

do...- 

do 

Alkaline 

Soft.... 
....do... 

do 

do 

♦179 

240 

160 

00 

do 

.....  .»v^    ...... 

do 

♦180 



do 

:::::  ;.: ' do 

do 

181 

do 

....do... 

do 

'do 

do 

•182 

H»rd 

Lafayette.. 
do   

Grand  Gulf* 

do 

♦18« 

do 

Soft.... 
do... 

150 

150 
280 

140 

None  appar- 
ent. 

do 

do 

do 

None  appar- 
ent. 

do 

None 

do 

♦184 

do 

do 

•185 

Cumpress- 
edair. 

do 

....do... 
....do... 

do 

do 

♦186 

do 

do 

187 

PniT^p 

....do... 

flo 

Slight 

do 

Lignitic 

do 

♦188 

do 

....do... 

do 

Noneobaorved 
Lowered 

do 

189 

.....do...... 

do... 

116 

do 

do 

Manafalia? 

♦190 
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Effect  of  pump- 

Ingon  lerel 
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Oeological 
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Gtodlqgioal  hori- 
son  orjprincipal 

wmteKbearlnflr 
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No. 


Soft.... 


OaU, 
975 


VoDiB  Appar- 
ent. 


None  apparent  Lafayette 


.do 


.do 


..do. 
..do. 
..do. 
..do. 


170 


.....do... 
Neitlier. 
do.. 


Noneapparent 


pump 
i.... 


...do. 
Hard. 
Soft.. 

Hard. 
...do. 


100 


None  appar- 
ent. 

do 

Uttle 


Noneapparent 
EasUy  lowered 


8 


None  appar- 
ent. 


t Soft.. 


Iron 
andal* 
kaline. 
eort. 

Soft.... 

....do... 

....do... 


15 

» 

100 


None  appar* 
ent. 


Rotten  lime- 
stone. 

Jackson 

do 

do 

Second  Ht- 
er  bottoms. 

Lafkyette.. 

do 

Rottenlime- 
stone. 

Tnscalooea 

Lafayette. 


.do 


None. 


.do 


I 
6 


.do 
.do 
.do 


EasUy  lowered 


mill 


Soft. 
...do 


.do.. 


84 
5 


.....do 

Slight 

None  appar- 
ent. 

...-do 


Creek  bot- 
toms. 

Lafayette?. 


do 

Allnyial.... 

Biver  bot- 
toms. 

do 

do 


Soft,  al- 
kaline, 

Soft.... 

...do... 


do 


Lowered 


...do... 

Alka- 
line, 
soft. 

Soft.... 

Soft  and 
alka 
line. 

Soft... 


145 


145 


....do 

.....do 

Little 

None  appar- 
ent. 

do 


SUght 

Lowered 

Lowers  16  feet 
Little 


Slight. 


Neither 


do 


.do 
.do 


Hard 


Soft.. 


.do 


Few 

250 

sjno 

Pew 
150 


None  appar- 
ent. 

do 

None 


Slight. 


Smal  1  dec  rease 

None  appar- 
ent. 

....do 


Second  riv- 
er bottoms 

River  bot- 
toms. 

Rotten  lime- 
stone. 

do:.... 

do 

do 

do 


do 


.do 


Second  riv- 
er bottoms. 

Lafayette.. 

Second  riv- 
er bottoms. 

do 


Lafayette. 


Grand  Golf. 


Tnscalooea. 


Lignitic 

Claiborne?... 

do 

Grand  Gnlf?. 

Lignitio 

.....do 

Toscaloooa. . . 


287 


•OO 
fBL 


.do 
.do 


Lignitic. 
do.. 


•288 

•884 

•885 


Lafkyette 

Hatchetigbee , 
.....do 


•888 


.....do 

Claiborne 

Hatchetigbee 

Hatchetigbee 
sand. 

Tnscalooea 


.do 
do 
-do 
.do 

.do 
.do 


Grand  Gnlf 


.do 
.do 


Second  riv- 1. 
erbottomaA 


.do. 
.do. 
.do 


840 
•841 
•848 

848 

•844 

•845 
*246 
•847 
•848 

•849 
•8R0 
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•858 
•253 

•854 

•865 

.•^35fc 
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IS 

IS 
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QwOitr- 


Soft.... 


.do. 
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I 

i 

I 


GatB. 

(•) 

» 
00 

55 

00 
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■apply. 
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do 

do 

do 

do 

Variable.... 
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water-bearing 

stratum. 
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do 

do 
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do 
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No. 


•257 
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•269 
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NOTES  ON  WELLS  OF  MISSISSIPPI. 


No.  1.  The  waterworks  comi)any  have  4  wells,  located  near  together,  56  feet 
above  the  river.  An  examination  of  the  water  shows  37^  solids  to  100,000  parts 
of  water  and  a  hardness  of  7i. 

No.  2.  The  water  contains  about  27  grains  of  solids  to  the  gallon  and  shows 
the  presence  of  a  very  small  number  of  innocnons  bacteria. 

No.  4.  The  log  of  the  well  shows  160  feet  of  loess,  50  feet  of  Lafayette,  and  220 
feet  of  Grand  Gulf  material.  The  average  cost  of  the  Natchez  wells  is  stated  to 
be  about  $1,000  each. 

No.  6.  Located  on  the  Greenfield  plantation,  7i  miles  from  town.  There  aie 
hundreds  of  wells  of  this  character  in  the  western  part  of  Adams  County,  the 
water  being  generally  obtained  at  the  contact  of  the  Lafayette  with  the  xmdet- 
lying  Grand  Gulf.  The  water  of  the  Lafayette  is  soft,  but  that  of  the  Grand  GnU 
is  usually  hard. 

No.  9.  Located  6  miles  northeast  of  Natchez.  The  well  passed  through  12  feet 
of  Lafayette  into  the  Grand  Gulf,  to  which  the  water  owes  its  hardness. 

No.  11.  The  Corinth  waterworks  has  two  wells.  The  log  of  the  operator  shows 
20  feet  of  Lafayette,  80  feet  of  undifferentiated  Cretaceous,  200  feet  of  the  Tusca- 
loosa, and  45  feet  -|-  of  the  lower  Carboniferous. 

No.  14.  This  is  the  only  deep  well  in  Cleveland,  the  water,  which  is  quite  har^ 
being  obtained  from  shallow  wells  30  to  40  feet  deep.    The  water  is  from  beneath    [ 
the  Port  Hudson  formation,  carries  much  organic  matter,  and  is  unwholesome.       ^ 

No.  17.  This  deep  well  was  a  failure.    The  first  water  was  found  in  what  is    t 
probably  the  lower  Claiborne  at  300  feet  and  came  to  within  17  feet  of  the  surface. 
Second  water,  probably  freaa  the  Hatchetigbee,  at  450  feet  came  within  12  feet  of 
the  top.    These  water  beds,  however,  were  cased  off  and  no  further  supply  was 
obtained. 

No.  18.  The  water  is  delivered  by  a  ram  to  a  tank,  from  which  it  is  distributed 
over  South  Carroll  ton.     There  are  abont  2^rtesian  wells  in  North  CarroUton. 

No.  19.  This  well  is  used  for  a  sawmill  24  miles  from  Vaiden. 

No.  20.  The  water  is  forced  into  a  tank  by  compressed  air.  Another  near-by 
well  is  900  feet  deep. 

No.  21.  No  artesian  wells  have  been  reported  from  Choctaw  County,  the  boring 
at  Ackerman  being  unsuccessful. 

No.  22.  This  well  is  cased  to  150  feet.  Water  was  obtained  at  65  feet  from 
under  the  Jackson  formation  and  again  at  125  feet  in  the  Wahtubbee  sands.  All 
water  was  lost  at  350  feet,  disappearing  into  the  sand  at  that  point. 

No.  23.  Water  rising  to  within  40  feet  of  the  surface  was  obtained  at  65  feet 
and  water  rising  to  within  20  feet  of  the  surface  at  125  feet.  As  in  well  No.  2,  all 
water  was  lost  into  the  sands  at  350  feet.     None  was  found  below  that  level. 

No.  24.  This  well  starts  near  the  top  of  the  calcareous  portion  of  the  Claiborne 
and  ends  near  the  bottom.  The  water  is  red,  like  all  from  the  lower  beds  of  the 
Claiborne. 

No.  25.  The  town  has  2  wells,  about  100  yards  apart  and  of  about  the  same 
depth.  They  have  both  been  affected  by  a  large  well  drilled  at  the  sawmill  a  few 
hundred  yards  north.  Most  of  the  wells  of  this  region  are  located  on  the  alluvial 
bottom;  all  x>enetrate  the  same  strata  and  obtain  about  the  same  supply.  The 
three  other  wells  in  the  hills  eastward  of  town  do  not  flow. 

No.  26.  Tlie  Lafayette  is  22  feet  thick  at  this  place.  When  first  drilled  the  well 
flowed  weakly.  Three  other  similar  wells,  from  175  to  200  feet  in  depth,  are 
located  in  the  same  neighborhood. 

No.  27.  This  well  is  located  on  the  alluvial  bottoms  on  the  west  side  of  town. 
There  are  3  wells  close  together,  all  of  similar  character. 
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No.  39.  This  well  is  on  the  west  side  of  the  river  on  high  ground.  It  flows 
occasioxially,  but  nsnally  has  to  be  pumped.  The  Lafayette  is  here  very  thin  and 
i&imderlain  by  a  10-foot  Claiborne  shell  bed. 

No.  30.  This  well  is  located  one-half  mile  east  of  the  station.  Another,  owned 
by  Judge  Woods,  is  sitoated  200  feet  away.  The  Lafayette  formation  is  here 
about  50  feet  thick  and  rests  on  the  Buhrstone. 

No.  31.  The  section  in  this  well  is:  Lafayette,  40  feet;  Claiborne,  40;  Bnhrstone, 
150;  Hatchetigbee  to  bottom.  The  boring  of  many  wells  has  affected  the  volume 
of  the  supply. 

No.  32.  The  Mississippi  Lumber  Company  owns  2  wells,  in  which  the  water 
is  raised  by  compressed  air  to  fill  a  log  pond.  During  pumping  the  flow  of  the 
other  wells  in  town  is  either  decreased  or  stopped. 

No.  33.  This  was  the  first  well  drilled  in  Quitman.  The  flow  was  originally 
[  larger,  but  has  been  reduced  by  the  drilling  of  later  wells.  The  Lafayette  at  this 
spot  was  about  30  feet  thick;  to  the  eastward  in  the  hills  it  is  from  40  to  100  feet 
thick.  Deep  wells  in  the  hills,  where  the  Lafayette  is  over  00  feet  thick,  never 
flow.    There  are  in  all  15  wells  in  town. 

No.  34.  This  is  the  public  well,  located  in  one  of  the  streets.  The  main  flow  is 
from 400  feet  and  is  of  *'  red  water.''  A  weak  flow  of  clear  water  was  obtained  at 
175  feet.  The  ''  red  water  "  is  alkaline,  carrying  62  grains  of  sodium  bicarbonate 
to  the  gaUon. 

No.  35.  This  is  a  double  well,  the  supply  from  inner  casing  being  **  red  water  " 
from  222  feet;  that  from  the  outer  casing  clear  water  from  175  feet.  Both  are 
alkaline. 

No.  36.  This  is  known  as  the  '*big  well''  and  has  a  double  casing,  the  outer 
ntpplying  clear  water  and  the  inner  **  red  water. "    Boft  are  alkaline. 

No.  37.  This  is  a  double  well,  the  outer  casing  yielding  clear  water  from  160 
feet  and  the  inner  '*  red  water  "  from  400  feet. 

No.  38.  A  double  well,  furnishing  water  from  the  same  horizon  as  the  preceding. 

No.  39.  A  single  well,  obtaining  clea^water  at  about  170  feet. 

No.  40.  A  single  well  of  clear  water.  Its  flow  was  slightly  rednced  by  the  drill- 
n>g  of  the  Weems  well  farther  west,  which  also  affected  the  flow  of  the  public 
^^11.    The  wells  become  deei)er  to  the  west. 

Ko.  41.  A  single  well,  stopping  in  the  first  water  in  the  Wahtubbee  or  upx)er- 

'^toBt  Claiborne.    It  is  alkaline  in  character. 

Ko.  42.  This  is  a  single  well  located  at  the  owner's  house.    Clear  alkaline  water 
only. 

^0.  43.  This  is  a  single  well,  obtaining  clear  water  only.    Located  1  mile  east 
^^  town  on  low  ground  near  the  river. 

Ko.  44.  A  single  well,  with  clear  alkaline  water  coming  from  the  Wahtubbee. 
Ko.  45.  This  well  is  2^  miles  north  of  town .  Yields  highly  alkaline  '  *  red  water. ' ' 
Kos.  46,  47,48,  49,  and  50.  Single  clear  alkaline  water  wells  in  the  Upper  Clai- 

Ko.  51.  There  are  3  other  wells  in  the  village,  varying  from  240  to  800  feet 
^  depth.  Like  all  the  wells  in  this  part  of  Clarke  County,  they  pass  through  the 
^Qhrstone  formation  and  get  water  immediately  beneath  it. 

No.  52.  This  well  has  a  weak,  but  very  steady  flow.  The  analysis  of  the  water 
>how8  it  to  be  unusually  pure.  The  Lafayette  is  30  to  40  feet  thick  at  this  XK)int, 
beneath  which  is  500  feet  of  Cretaceous. 

No.  55.  This  well  has  a  double  casing — an  outer,  4  inches  in  diameter,  reaching 
^866  feet,  and  an  inner,  2^  inches  in  diameter,  reaching  to  975  feet.  Water  was 
obtained  at  866  feet,  but  was  impregnated  with  iron.  Good  water  was  found  at 
970  feet.    The  analysis  shows  22i  grains  of  solids  to  the  gallon,  of  which  16  grains 
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are  sodixim  carbonate.    Both  the  enter  and  inner  portions  of  the  well  are  allowed 
to  flow. 

No.  56.  The  water  comes  from  the  lignitic  clay  of  the  Grand  Qnlf  and  is  too 
poor  for  drinking,  the  snpply  for  domestic  pnrposes  being  obtained  from  feeble 
wells  in  the  Lafayette.  It  is  stated  that  a  boring  1,100  feet  deep  has  been  made 
near  this  point  without  obtaining  water. 

No.  67.  This  well  has  no  strainer  at  the  bottom  and  became  clogged,  its  flow 
diminishing  from  50  gallons  per  minute  to  nothing.  After  partly  cleaning,  a 
flow  of  15  gallons  per  minnte  was  obtained,  but  this  has  now  decreased  to  8  gallons. 

No.  58.  This  second  college  well  is  located  1 ,000  feet  from  the  first.  The  original 
flow  was  60  gallons  per  minnte,  but  the  well  later  became  entirely  clogged.  A 
flow  of  5  gallons  is  now  obtained. 

No.  50.  Abundant  gravel,  similar  to  that  on  Bayou  de  Lisle,  10  miles  northeast- 
ward, was  found  at  40  feet,  while  from  175  to  300  feet  univalve  and  clam  sheUs 
were  found. 

No.  60.  This  is  one  of  the  shallowest  wells  at  this  point.  There  are  some  flnctoa- 
tions  of  flow  of  the  shallower  wells,  thought  by  drillers  to  be  connected  with  tidal 
fluctuations. 

No.  61.  This  is  one  of  the  best  wells  at  Bay  St.  Louis.  The  water  is  used  in  a 
canning  factory.  A  cypress  log  was  encountered  at  90  feet,  and  many  fossil  shellB 
at  200  feet. 

No.  62.  In  the  winter  of  1893-94  this  well  ceased  to  flow,  but  began  again  in  the 
spring  and  has  continued  ever  since.    The  flow  fluctuates  a  little  with  the  tide. 

No,  63.  Fossil  shells  were  found  at  170  feet,  .but  none  were  preserved. 

No.  64.  This  well  is  16  feet  above  tide  level.  It  flows  at  high  tide,  but  not  at 
low  tide.     During  storms  Which  raise  the  water  level  the  flow  is  greatly  increased 

No.  65.  This  well  does  not  ordinarily  flow,  but  during  storms  which  raise  the 
water  of  the  Gulf  it  flows  freely. 

No.  66.  Rotten  wood,  apparently  cyprest*.  was  t^ucountered  at  100  feet  and 
gravel  at  190  feet.  Water  was  found  at  this  point,  but  the  well  -was  continued  to 
the  second  water-bearing  stratum  at  420  feet.  The  gravel  resembles  that  at 
Bayou  de  Lisle,  10  miles  northeast. 

No.  67.  A  good  water  horizon  was  jMissed  through  at  a  considerable  distance 
above  the  one  from  which  the  supply  is  now  obtained. 

No.  69.  This  well  is  located  on  Bayou  Tally,  several  miles  north  of  town.  Fossil 
shells  were  found  at  40  feet,  but  none  were  preserved. 

No.  71.  Three  sources  of  water  were  found — one  under  the  Port  Hudson,  one 
under  the  Lafayette  at  160  feet,  and  one  near  the  top  of  the  Grand  Gulf  at  225 
feet. 

No.  73.  The  elevation  of  this  well,  like  practically  all  of  those  at  Waveland,  i8 
10  feet  above  tide.  This  is  the  shallowest  well  at  Waveland,  the  well  stopping  at 
the  first  water-bearing  horizon. 

No.  74.  Water  was  obtained  at  320  feet  but  was  supposed  to  be  insufficient,  and 
the  well  was  continued  40  feet  into  the  clay. 

No.  75.  The  stratigraphy  shown  by  the  wells  in  Waveland  is  similar  to  that  at 
Bay  St.  Louis. 

No.  76.  West  of  Bay  St.  Louis. 

No.  78.  This  well  was  continue<l  into  the  clay  several  feet  below  the  water- 
bearing sand. 

No.  84.  Elevation  of  well,  15  feet  above  tide. 

No.  88.  The  flow  is  from  sand,  possibly  in  the  Grand  Gulf  formation. 

No.  91.  The  supply  is  from  sand,  X)og8ibly  the  Orange  Sand  or  Lafayette. 

No.  92.  The  flow  is  reiwrted  to  be  from  sand.    First  water  encountered  rose  to 
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itfain  5  feet  of  the  aiirfaoe.    The  strata  encotmtered  by  the  well  are  stated  to 

pree  with  those  found  at  Pass  Christian.    Elevation  of  well,  15  feet. 

Nob.  96  and  97.  Elevaton  abont  15  feet  above  tide. 

No.  99.  Supply  ixwsibly  from  the  Grand  Qulf . 

No.  100.  Supply  possibly  from  the  Orange  Sand  or  Lafayette. 

No.  102.  This  well  is  located  6  miles  north  of  Pass  Christian.    Fossil  shells  were 

mnd  at  840  feet,  bnt  none  were  saved.    The  well  supplies  a  large'  sawmill  and 

irnishes  the  water  for  the  village  of  De  Lisle. 

No.  103.  A  second  well  has  been  drilled  on  Ship  Island. 

No.  111.  This  is  a  fine  well,  sujiplying  water  for  a  mill,  brickyard,  stock,  and 

omestic  purposes. 

No.  112.  This  well  is  remarkable  for  the  fact  that  it  failed  to  obtain  water,  not- 

ithstanding  it  is  within  28  miles  of  the  Gulf  coast  and  in  beds  which  generally 

my  considerable  quantities.  * 

Nob.  118  and  119.  Elevation  15  to  20  feet  above  tide. 

No.  121.  Located  10  miles  from  the  coast. 

No.  122.  The  wells  at  Pass  Christian  are  about  16  feet  above  tide  and  all  have  a 

nmg  flow,  which,  however,  varies  somewhat  in  the  different  wells.    The  water 

ill  rise  from  25  to  80  feet  above  the  mouths  of  the  wells.    The  supply  of  the 

«per  wells  appears  to  come  from  near  the  horizon  of  the  Pascagoula  marls,  while 

tat  of  the  shallower  wells  comes  from  some  of  the  water-bearing  sands,  of  which 

.«re  are  at  least  three,  above  the  Pascagoula. 

No.  127.  This  is  one  of  the  shallowest  wells  at  Pass  Christian,  the  water  ajipar- 

itly  coming  from  a  higher  horizon  than  the  preceding. 

No.  188.  Elevation  of  well  abot^  16  feet.    It  is  one  of  the  shallowest  and  small- 

t  wells. 

Nos.  150  and  151.  These  wells  may  have  reached  the  Grand  Gulf. 

No.  154.  The  town  of  Saucier  is  20  miles  from  the  coast.    The  well  is  remark- 

•le  from  the  fact  that  no  water  was  obtained  from  the  beds  that  usually  carry 

nsiderable  supplies. 

No.  155.  A  sux^ply  of  water  was  found  at  400  feet,  but  the  flow  was  not  suffi- 

mtly  strong.    With  the  aid  of  a  steam  pump  the  well  delivers  350  gallons  per 

innte,  the  supply  being  used  for  irrigation. 

No.  156.  The  water  is  slightly  chalybeate.    The  Wahtubbee  sands  of  the  upper 

aibome  usually  carry  soft  water,  only  slightly  chalybeate.    Water  is  seldom 

and  within  the  Jackson,  and  then  it  is  always  x)oor.    The  city  authorities  have 

en  drilling  for  flowing  water,  and  have  gone  1 ,000  feet,  so  far  without  success. 

No.  157.  The  water  is  high  in  lime,  but  is  considered  the  best  drinking  water  in 

ckson.    The  water  is  forced  through  the  buildings  by  a  pump  run  by  a  4-horse- 

(wer  gasoline  engine. 

No.  159.  First  water  was  obtained  at  160  feet,  but  was  of  poor  quality.    A  2-inch 

86  was  then  substituted  for  the  4-inch,  and  was  continued  to  the  bottom.    It  is 

iDsidered  that  a  large  flow  would  be  obtained  if  a  longer  strainer  was  used.    One 

rthority  reports  this  well  to  be  the  property  of  the  town. 

No.  160.  An  analysis  of  the  water  shows  it  to  be  too  alkaline  for  boiler  purposes. 

No.  161.  The  well  probably  starts  in  alluvial  over  Port  Hudson.    The  water 

)rizQn  falls  somewhere  in  the  lignitic,  probably  in  the  Hatchetigbee  sand.    The 

inch  casing  extends  to. 600  feet,  the  remainder  being  2-inch.    The  pressure  is 

Ten  as  "47  jxrands"  to  the  inch.    The  well  is  located  on  a  plantation  several 

Qes  north  of  town.    An  analysis  shows  83.66  grains  of  solids,  of  which  80.182  are 

dimn  carbonate  and  2.872  grains  of  soluble  silica,  per  gallon.    A  number  of 

ber  substances  occur  in  smaller  quantities. 

No.  162.  This  well  is  located  in  Attala  County,  1  mile  from  West.    It  is  cased 
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down  to  the  solid  layers  of  the  Bnhrstone  formation  at  a  depth  of  100  feet   The 
water  comes  from  beneath  the  solidified  layers. 

No.  163.  Fossil  shells  were  found  at  640  feet. 

No.  164.  Fossil  shells  of  the  Pascagoola  were  found  at  500  feet.  The  fonnation 
is  here  probably  abont  100  feet  thick. 

No.  166.  This  well  goes  300  feet  below  the  base  of  the  Pascagoola,  assuming  the 
latter  to  have  its  normal  thickness.  It  does  not,  however,  reach  the  Jackson  or 
Vicksburg  formations.  Mr.  L.  C.  Johnson  considers  that  it  may  end  in  the  Chica- 
sawhay  Miocene  beds. 

No.  167.  This  well  was  bored  for  oil.  At  680  feet  it  passed  through  a  thin  bed 
of  gray  sandstone,  probably  at  the  base  of  the  Grand  Gulf.  The  water  at  this 
level  was  a  brownish  color  and  flowed  50  gallons  to  the  minute,  but  was  cased  off. 
Woody  matter  was  encountered  at  720  feet.  The  well  is  located  4  miles  north  of 
Moss  Point.  « 

No.  168.  Most  of  the  city  is  supplied  from  this  well. 

No.  171.  The  water  of  wells  of  this  depth  is  better  than  that  from  the  deeper 
wells. 

No.  177.  The  horizon  of  the  water  bed  is  fixed  by  fossils. 

No.  178.  This  well  is  used  for  irrigation. 

No.  179.  This  well  was  begun  for  oil,  but  was  abandoned  because  of  the  stickiiig 
of  the  drill.  It  still  flows  considerably,  although  the  main  water  horizon  at  900 
feet  was  cased  off.  Fossils  of  the  Pascagoula  horizon  were  encountered  below 
900  feet.    Some  wood,  lignite,  and  pyrite  were  also  found. 

No.  180.  It  is  probable  that  the  water  supply  is  from  a  sandbed  40  to  50  feet 
above  the  Pascagoula  marl. 

No.  182.  Fossil  shells  of  the  Pascagoula  formation  were  found  below  600  feet 

No.  183.  Some  water  was  found  in  the  Grand  Gulf  in  the  first  350  feet,  but  it 
did  not  rise  to  the  surface. 

No.  184.  Located  outside  of  the  city. 

No.  185.  The  first  water  was  struck  at  67  feet,  but  the  supply  was  insuflQcient. 

No.  186.  The  first  water  was  found  at  65  feet,  and  water  continued  to  occur  at 
various  levels  until  the  large  supply  was  reached  at  370  feet.  The  formation  here 
consists  of  alternating  layers  of  sand  and  very  tough  clays.  The  well  is  cased  to 
250  feet,  the  lower  20  feet  being  brass  screen. 

No.  188.  This  well  furnishes  the  fire  supply  and  much  of  the  domestic  supply 
of  the  city. 

No.  190.  In  a  five-hour  test  35,000  gallons  were  pumped.  There  is  some  iron 
in  the  water,  but  it  can  be  used  in  boilers.  The  well  passed  through  solid  beds  at 
about  70  feet  below  the  surface,  presumably  Nanafalia. 

No.  192.  Water  was  first  obtained  at  135  feet,  but  was  from  a  lignitic  bed  and 
of  poor  quality.    The  well  stopped  in  a  soft,  yielding  clay,  caving  badly. 

No.  193.  A  second  well  was  attempted  at  Mr.  Smith's,  but  the  clay  caved  at  216 
feet. 

No.  194.  The  water  is  hard,  but  can  be  used  for  boilers.  The  well  has  jrielde^ 
7,000  gallons  per  hour. 

No.  196.  The  well  is  located  near  Chunkey  station.  It  passes  through  tb< 
Buhrstone  and  goes,  prol)ably,  nearly  to  the  base  of  the  Hatchetigbee  sands 
Only  60  feet  of  casing  is  used. 

No.  197.  This  was  a  second  well  bored  by  the  city.  The  flow  is  said  to  be  abun 
dant,  but  has  not  l)een  measured.  It  is  located  near  Okatibbee  Creek,  6^  mile 
southwest  of  the  court-house,  and  considerably  lower. 

No.  198.  This  well  is  also  located  on  the  Okatibbee  Creek,  l^  miles  southwest  o 
town,  on  ground  much  lower  than  at  the  city.    A  fair  flow  is  reported. 
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No.  199.  This  is  the  public  well,  located  in  one  of  the  streets.     There  is  a 

ydraoHc  motor  pumping  a  small  stream  from  the  well.    The  water  is  chalybeate. 

No.  200.  This  is  one  of  the  wells  drilled  by  the  city  in  prospecting  for  a  public 

ipply.    It  is  located  1^  miles  sonthwest  of  the  conrt-honse,  on  the  land  of  Doctor 

rilliams. 

No.  201.  This  is  a  mineral  water,  bnt  is  distilled  for  making  ice.    The  flow  is 

nple  for  the  pnrpoee,  some  also  being  nsed  for  drinking  supplies. 

No.  202.  Two  small  water  supplies  were  struck  in  the  buhrstone. 

No.  203.  The  shallow  wells  of  this  type  ''  barely  pierce  the  Buhrstone.    When 

le  whole  100  feet  of  sand  is  penetrated  and  a  longer  strainer  is  used  the  flow  is 

luch  greater." 

No.  204.  Most  of  the  wells  in  this  vicinity  get  water  from  the  upper  layers  of 

le  Grand  Gulf.    It  is  generally  hard,  but  is  considered  wholesome.    The  present 

ell  enters  the  hard  layers  of  the  Grand  Gulf,  but  the  water  is  probably  supplied 

"om  the  overlying  Orange  sand. 

No.  205.  The  supply  is  believed  to  be  from  just  beneath  the  uppermost  consoli- 

ated  beds  of  the  Grand  Gulf. 

No.  206.  The  supply  from  this  well  is  limited.  Beneath  the  Lafayette  clay  the 
rell  penetrated  60  feet  of  Rotten  limestone,  and  then  entered  an  8-inch  bed  of 
andstone.  The  water  is  normally  soft  and  pure,  but  becomes  charged  with  lime 
od  other  deleterious  matter  from  standing  in  the  Rotten  limestone. 

No.  207.  There  are  eight  other  flowing  wells  in  the  vicinity. 

No.  208.  In  this  region  only  the  weUs  along  the  creek  bottoms  flow,  the  hill 
nrells  being  pumped. 

No.  209.  This  water  is  reported  to  be  high  in  lime,  probably  due  to  the  fact 
that  the  rotten  limestone  was  not  cased  off,  as  is  usually  done. 

No.  210.  This  well  is  near  the  eastern  end  of  the  Rotten  limestone  outcrop.  The 
Srst  water  was  obtained  at  125  feet  and  rose  to  within  10  feet  of  the  surface.  The 
next  was  at  250  feet  and  rose  to  within  8  inches  of  the  surface.  The  last  was  at 
&3  feet  and  flowed  weakly. 

No.  211.  Mr.  Brown  has  another  well  at  his  residence  250  feet  deep,  in  which 
the  water  rises  to  within  4  feet  of  the  surface. 

No.  212.  Several  flowing  wells  in  this  locality  are  supplying  from  1  to  30  gallons 
[)er  minute.    Some  nonflowing  wells  also  yield  good  supplies. 

No.  213.  The  casing  is  in  16-foot  lengths. 

No.  214.  This  well  is  1  mile  from  the  preceding.    The  water  carries  some  iron. 

No.  216.  Other  water-bearing  beds  were  found  at  340  and  500  feet. 

No.  217.  Water  horizons  were  encountered  at  350,  450,  and  600  feet,  each  being 
itilized  by  means  of  perforations  at  the  proper  points  in  the  pipe.  The  Buhr- 
tone  is  rejwrted  at  a  depth  of  200  feet. 

No.  222.  This  is  an  example  of  the  best  wells  obtained  in  the  Lafayette  in  this 
egion.  Just  below  the  Lafayette  is  an  impervious  stratum  of  the  Grand  Gulf, 
ito  which  deei)er  borings  penetrate  to  various  depths  and  from  which  they  obtain 
bandant  water. 

No.  22S.  The  owner  reports  that  he  has  3  wells,  2  of  them  6  inches  in  diameter 
Dd  165  feet  in  depth  and  the  third  8  inches  in  diameter  and  155  feet  in  depth, 
^o  of  them  are  operated  by  air  lift,  the  other  by  windmill. 
No.  225.  There  are  15  flowing  wells  in  the  city  and  125  others  in  the  county, 
•n  the  east  side  of  the  Tomhigbee  they  all  flow,  and  on  the  west  they  rise  to  con- 
enient  pumping  height.  In  the  river  valley  it  is  necessary  to  bore  only  200  to 
)0  feet  for  water.  The  stratigraphy  of  the  region  is  very  regular. 
No.  226.  The  water  from  this  well  is  pumped  by  steam  power  to  fill  a  140-foot 
:andpipe.  Gkx)d  water  was  found  in  the  Hatchetigbee  at  460  feet,  which  rose  to 
ithin  40  feet  of  the  surface.    A  second  well  near  the  first  waa  a\ao  '^u^.  ^o^^ni  io^x 
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the  city  waterworks.    The  water  is  called  soft,  bat  has  a  mineral  taste  and  odor 
It  is  nsed,  however,  for  domestic  and  boiler  purposes. 

No.  228.  A  good  pumping  well.  The  water,  though  soft,  carries  considerabl 
mineral  matter. 

No.  230.  There  are  two  adjacent  wells  of  the  same  size  and  depth. 

No.  232.  The  Tuscaloosa  formation  was  probably  entered  in  the  first  50  feet.th 
first  clay  lieing  encountered  at  150  feet. 

No.  233.  The  flow  of  this  well  was  one  of  the  most  remarkable  in  Mississipp 
the  water  rising  with  such  force  that  it  was  found  impracticable  to  pat  dow 
any  casing.  Enough  clay  and  sand  was  washed  out  to  obstruct  the  Buttahatchi 
River.  The  well  finally  clogged  itself  and  ceased  to  flow.  Two  others  of  IDi 
dimensions  were  bored  by  the  same  owner  with  similar  results. 

No.  234.  The  first  water  was  found  at  320  feet.  A  day  encountered  at  830  fe< 
is  that  beneath  which  water  is  found  throughout  the  prairie  region. 

No.  235.  This  water  is  shown  on  analysis  to  be  unusually  pure  and  valuable  f( 
drinking  purposes  and  for  boilers. 

Na  236.  This  town  is  located  at  a  relatively  high  altitude. 

Na  237.  There  have  been  no  artesian  wells  reported  in  Neshoba  County.  '. 
the  western  portion  of  the  county  good  water  is  obtained  in  the  Orange  san 
while  water  of  poor  quality  may  be  had  at  the  base  of  the  Claiborne. 

No.  238.  An  increased  flow  would  probably  be  obtained  by  going  farther  in 
the  Hatchetigbee.  The  casing  of  this  and  similar  weHs  in  the  vicinity  exten 
only  to  the  Buhrstone.  which  in  this  well  was  at  16  feet 

Ni\  241.  This  is  one  of  the  weaker  class  of  wells,  and  probably  gets  water  fn 
the  base  of  the  ClaiUvne. 

Niv  242.  An  analysis  of  this  water  shows  the  principal  mineral  ingredients 
be  si^lium.  calcium,  and  magnMum  bicarbonates.  bat  the  water  is  not  decidec 
alkaline. 

Xtv  244.  l>no  lather  rtowinjf  well  in  the  Cooksville  region  is  reported. 

Ki\  24\  Mr,  l.riid%l.  whi>  h*s  bi?en  in  the  well  business  fifty  jrears.  reports  tl 
w;%t<*r  will  in  )^^n«^^U  risn*  t<>  an  altituile  of  21^  feet  above  sea  level  in  this  regn< 
Tho  dip  i>f  iIh^  K\1s  is  n^|x>rt*\l  t.>  Iv  2^%  f^y^t  to  the  mile  fouth  w  est  ward. 

X\v  24i^  Thi*  watx^r  is  albtline  aiKl  ir.v«i  tiv^uWe  in  the  boilers  if  used  at  on 
but  After  Mjin^litvc  v^4in  j:ynier;Uly  W  ns**d. 

N.v  04 T.  Tht^n>  are  thiw  vr>Cs  .>n  the  fsum  ^>f  Mr.  Dent,  10  miles  east  of  Mac* 
axvnMT.nji  <^'^^  '^"t  <fv%^'h.  whiV  r.ear>  ewry  pUntativui  has  one  or  more.  The « 
yi  \hx^  \\\\>  is  O.N  fxvi  fx^  the  m:>  :o  the  w«s:.  Thw*  other  wells  are  reporteii 
Ma.>ni^  xM\T>  x^i^e  of  iheu\  !!oxir:n^;  this  is  .>wi»v!  hv  the  Mobile  and  Ohio  Railro 

Nxv  OiS  Th^  \>  The  .W'j\>s:  wtC  :-  the  v-^-citiTT,  Sc«ne  water  was  found  in  i 
huher  l>esU  V,\i  *.^o  T>^\^r^l  w;i^s  V»  p:  ^  f  n      The  vXaiie  is  kvated  on  an  ele\-ati 

\\v  015^  rh*,s  \xv.:  A.  txvulx  sTArrs  :r.  oUv  Ar>i  sjkad  v>f  anc«TCain  origin  rest 
ov.  ihe  K^^t:ev.  V.r.^os^v,^  The  x«ni:>fr  v\%r.rj^ris  »Vc:t  ^>  craiss  of  alkaline  minei 
J.^  1  ^e  «;^:i.>»>      KVN;^:\Nr.  jiVw  t^  ^-    *  •    f:.ei. 

\  A  :  V  V  v.  t\vv;  v\v  V  s:r^.-:  T  :>  r-:^:  -  :h:>  w-H  The  fiist  water  was  fi 
A  N>  \vvi  ^>,s«.  .Nf  ^^:v,\   V  >ost>  ^>.^.->,  >»-»>  A  -Ur  : ;  f^i  -.n  thickness,  and  a  s 

No  C\:     V:   X  XX-,  r,  .>  v-^^'oaS;x  ^v-tat^v:  *Nv-:  ;V  t-^  aS>r^  ibe  Leaf  River. 
\.N  ^\;    ;Nx  .^  xxv/  X  Av  ,x>».y*.    .Y.V  ,v  •  ^r^.^-^  AT,;  .^o?  .-.f  «  isawis  in  diame 
W  XX  ^t. ",    X  ^^   .v,',,vN-    ^Nv.    ^   ^^  TX'.v  •>.-  .vc>  •>>^  T.-»T.      A  fiatber  snpplv 

^,^  ■>*    vr-^^^v  vx    :^  xx^;,x  . \v<-  xxrfhfc    :^v  ^^ji^  J,  5cvw  erf  2&iigal 
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ITaWI.  TlihinnkloosMLonimtlierliigligiofiiiid. 

Fa  996.  Knepfc  near  the  mufM)e«  the  whole  IxHing  is  in  the  ligidtioo^ 
Gnad  Ghilf.    The  well  fleams  to  be  located  on  a  low  antiolixie.    It  furnishes  water 
ftvmaddne  shops  14  mUes  from  town. 

Ka  d57.  The  water  of  this,  like  the  other  Hattiesborg  wells,  is  alkaline  and 
dHlybsate. 

Ka  280.  This  wen  is  located  on  the  delta,  8  miles  from  Belen.    The  source  of 
ttft  water  is  probahiy  in  the  Lignitic  of  WHgaxd,  possibly  in  the  Hatchetigbee. 

Ho.  360.  Tomer  Brothers  own  8  other  wells  in  sec.  28,  T.  7,  B.  10,  near  Belt. 

Kol  261.  There  are  2  other  wdls  of  similar  oharaoter.in  this  region— one  8 
vOfls  and  the  other  6  miles  west  of  town. 

Ha  962.  This  well  is  8)  mUes  south  of  Shubuta,  and  evidently  in  the  same 
miter  belt.    The  water  is  dear,  but  of  the  same  alkaline  quality  as  at  Shubuta. 

Ho.  268.  This  well  yields  "red  water,"  evidently  from  the  same  horizon  as  at 
Smbota.    The  water  carries  72  grains  of  sodium  carbonate  to  the  gallon  and  a 

comiderable  amount  of  iron.    It  is  located  16  miles  southeast  of  Shubuita. 
Ho.  264.  This  well  is  similar  in  all  respects  to  the  town  well.    Another  well  is 

wMng  drilled  by  the  ice  company. 
Ho.  965.  All  of  the  wdls  at  Waynesboro  start  in  a  thin,  sandy  layer,  possibly 

lafajette,  resting  upon  the  surface  of  the  Vicksburg,  and  evidently  reach  the 

knsr  C9aibome,  from  which  they  obtain  the  **  red  water." 


TENNESSEE. 


By  L.  C.  Glenn 


There  are  three  well-marked  geologic  divisions  of  Tennessee.  At 
the  east  is  the  strongly  folded  and  more  or  less  metamorphic  area 
extending  from  near  the  North  Carolina  line  westward  to  beyond 
Chattanooga.  West  of  this  belt  and  extending  to  Tennessee  Rive' 
is  a  broad  area  of  gently  arched  Silurian  and  Carboniferous  rockt' 
while  between  the  Tennessee  and  Missouri  rivers  is  a  belt  consisting 
mainly  of  Tertiary  clays,  etc.,  but  with  a  narrow  strip  of  Cretaceou 
beds  along  the  former  river  and  surficial  deposits  of  probable  Pliocen 
or  Pleistocene  age  in  the  region  of  the  Mississippi  River. 

WATER  RESOURCES. 

The  surface  of  the  folded  eastern  division  is  marked  by  paralle 
ridges  made  by  the  outcrops  of  the  harder  beds  of  the  series  of  sand 
stones,  shales,  limestones,  and  dolomites  constituting  the  rocks  of  tli 
area.  The  region  is  rough  and  thinly  settled.  A  number  of  mineni 
springs  occur  in  the  Devonian  shales  and  in  some  of  the  sandstones 
Springs  constitute  the  main  source  of  supply,  although  streams  ma; 
frequently  be  used  with  safety  if  unpolluted  by  manufacturing  o 
milling  establishments. 

The  eastern  portion  of  the  central  belt  is  known  as  the  Cumberlai^ 
Plateau  and  stands  at  an  altitude  of  about  1,500  feet.  The  rocks  a> 
mainly  of  Carboniferous  age  and  furnish  wat^r  for  numerous  sprin 
and  shallow  wells.  The  supply,  however,  is  liable  to  fail  in  times 
prolonged  drought.  Rock  wells  of  moderate  depth  do  not  obta. 
flows,  but  the  Avater  rises  to  within  easy  pumping  distance.  The  ve 
deep  wells  obtain  salt  water  with  traces  of  oil  and  gas.  Chalyl>ea. 
springs,  some  of  which  have  been  developed  as  local  resorts,  occur 
several  localities.  The  Avestern  portion  of  the  central  belt,  known  « 
the  Highland  Plain,  is  some  500  feet  lower  than  the  Cumberland  PI. 
teau.  Near  its  center  a  large  valley,  known  as  the  Nashville  basii 
has  been  eroded.  The  rocks  of  the  central  belt  are  largely  sandstone 
siliceous  shales,  limestones,  and  cherts  of  Carboniferous  and  Siluria 
age.     Freestone  springs,  generally  chalybeate,  are  not   uncommoi 
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'bile  sulphnr  springs  occur  in  the  Devonian  shales.  The  deep  waters 
re  generally  mineralized  and  objectionable,  and  cisterns  are  much 
ised.  In  the  Silurian  limestones  of  the  Nashville  basin  and  along 
he  outcropping  Silurian  and  Carboniferous  rocks  near  the  Tennessee 
River  springs  are  numerous  and  of  considerable  size.  Some  of  the 
waters  are  mineralized  and  of  medicinal  value. 

In  the  Coastal  Plain  belt,  which  includes  the  unconsolidated  mate- 
rials west  of  the  Tennessee  River,  good  water  can  be  obtained  from 
the  sand  at  the  base  of  the  Cretaceous,  from  the  Ripley  sand  of  the 
Cretaceous,  and  from  the  lignitic  beds  of  the  Tertiary.  The  relatively 
thin  surface  gravels  of  the  Lafayette  formation  and  the  loess  furnish 
small  and  uncertain  supplies.  On  the  flood  plain  of  the  Mississippi 
River  the  water  is  very  poor. 
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NOTES  ON  WELLS  OF  TENNESSEE. 

No.  2.  Record:  Clay,  20  feet;  sand,  20  feet;  pipe  or  potters  clay,  8  feet;  yelloir 
sand,  with  water,  76  feet;  gravel,  with  water,  6  feet. 

No.  9.  This  well  is  peculiar  in  that  during  rainy  weather  and  in  winter  stroo^ 
currents  of  air  are  emitted,  which,  under  artificial  conditions,  are  made  to  pro- 
duce a  sound  that  can  be  heard  for  some  distance.  At  other  times  the  air  babtdes 
through  the  water. 

No.  18.  Deeper  wells  reach  a  good  supply  of  water  at  from  110  to  200  feet  from 
the  surface.    There  are  no  flowing  wells  in  the  section. 

No.  17.  On  standing  for  several  hours  a  thick,  yellow  scum  is  formed  on  the 
surface  of  the  water,  probably  of  iron.  In  putting  down  the  well  pieces  of  black 
rock  (shale?)  were  obtained,  which  on  standing  become  coated  with  a  white 
deposit,  probably  of  sulphate  of  iron. 

No.  18.  Plenty  of  water  is  found  at  a  depth  of  80  to  50  feet,  but  it  is  in  quick- 
sand, which  can  not  be  well  kept  out  of  the  strainer,  it  being  necessary  to  go 
deeper  through  a  coarser  sand  to  obtain  a  practicable  supply. 

No.  19.  A  mineral  well,  25  feet  deep,  the  waters  containing  alum,  iron,  and 
magnesia,  is  located  in  the  vicinity.  I 

No.  22.  The  flow  of  this  well  is  sometimes  affected  by  the  clogging  of  the  | 
strainer,  but  on  cleaning  returns  to  its  original  volume.  Water  contains  138  1 
parts  in  1,000,000  of  mineral  matter,  114  parts  of  which  are  iron.  The  materials  i| 
penetrated  are  as  follows:  Yellow  clay,  10  feet;  thin  layer  of  sand,  blue  clay,  fine  ■ 
gray  sand,  blue  clay,  fine  white  sand  with  water;  hard,  tough  blue  marl,  about  \ 
250  feet;  coarse  water-bearing  sand. 

No.  28.  The  approximate  record  of  this  well  is  as  follows: 

Feet- 

Redclay 3^ 

Blue  clay ^ 

Fine  sand  with  water .  ^ 

Blue  clay l^ 

Sand  with  water. 1  ^ 

Blue  clay,  somewhat  chalky 2^ 

Coarse  water-bearing  sand,  with  gravel ^ 

The  section  is  interspersed  with  beds  of  sand  called  **  sand  blows,"  locally  sup^ 
posed  to  have  been  forced  up  from  lower  depths  during  deposition  and  to  have 
accumulated  on  the  contemporaneous  surfaces.     The  region  is  one  of  frequent 
seismic  disturbances,  believed  by  the  inhabitants  to  be  due  to  the  escape  of  natural 
gas,  etc. 

No.  39.  Water  contains,  iron,  sulphur,  sodium  chloride,  and  potassium  and 
calcium  salts. 

No.  50.  Record:  Red  clay,  8  feet;  red  sand,  with  small  sandstone  fragments,  20 
feet;  white  sand,  60  feet;  pipe  clay,  4  feet. 

No.  51.  A  blowing  sound,  which  can  be  heard  50  feet  away,  is  produced  by  the 
inflow  and  outflow  of  air  during  changes  of  weather  and  in  the  winter. 

No.  53.  Record:  "  Buckshot,"  40  feet;  fine  tough  white  clay,  25  feet;  sand  and 
gravel,  65  feet. 

No.  61.  Record:  Soil  and  clay,  30  feet;  blue  mud,  followed  by  yellow  clay,  30 
feet;  gravel  with  water,  followed  by  yellow  clay,  30  feet;  sand,  gravel,  and  water 
6  feet. 

Mr.  L.  Ward  and  the  Obion  Elevator  Company  both  have  deep  wells.  There  is 
also  a  deep  flowing  well  at  Dyersburg. 

No.  74.  Another  well  on  the  same  place  gives  a  large  supply,  part  of  which  is 
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on  a  nwmilL  Beooird:  Clay,  88  feet;  gravel,  8  feet;  qnickBand,  47  feet; 
id  coane  aand,  4  feet 

.  Beoard:  Hardpan,  20  feet;  altemattng  layers  of  red  and  white  sand, 
B  day  to  184  feet.  Water  was  enconntered  at  110  feet.  Atl84feetabed 
?9B  pused  throogh,  under  which  a  blue  day  without  water  was  found; 
1, 21  feet  Bdow  the  day  there  was  20  feet  of  red  sand,  at  the  bottom  of 
lother  hosiizon  giving  water,  whidi  rose  to  60  feet,  bnt  no  higher,  was 
ired.  The  easing  was  then  lifted  above  the  184-foot  water  bed,  and  the 
Be  to  —100  feet 

.  A  wdl  at  the  factory  of  Ward,  Kent  &  Co.  passed  throogh  material 
bom  fine  white  qoiclcsand  to  fine  gravd,  with  occasional  streaks  of  pipe 
i  depth  of  400  feet.  Water  having  a  dark  color,  unpleasant  taste,  and 
—115  feet,  was  encoontered. 


KENTUCKY. 


By  L.  C.  Glenn. 


The  easternmost  physical  division  of  Kentucky  is  the  Cnmberland 
Tlateaa,  which  extends  northward  from  Tennessee.  The  rocks  are 
higely  approximately  horizontal  Carboniferous  sandstones  and  shales 
irhich  have  been  much  eroded,  forming  a  very  ragged  topography. 
The  region  is  thinly  inhabited.  The  water  supplies  are  obtained 
nainlyfrom  small  springs.  The  deep  wells  frequently  obtain  salt 
iriter,  gas,  or  oil. 

WATER   BESOURCTES. 

In  the  central  part  of  the  State  lies  the  Lexington  Plain,  which  is 
an  extension  of  the  Highland  Plain  of  Tennessee.     The  central  por- 
tion of  the  plain,  bounded  by  a  line  extending  from  Louisville  through 
Lebanon  and  east  of  Lexington  and  Paris  to  the  vicinity  of  Maysville 
on  the  Ohio,  consists  of  Silurian  limestones  like  those  of  the  Nash- 
rille  basin.     In  this  region  there  is  much    underground  drainage. 
Springs  are  often  scarce,  but  some  of  the  larger  of  them  have  been 
developed  as  resorts.     Cisterns  and  ponds  are  frequently  used  as  a 
source  of  supply.     Deep  wells,  as  a  rule,  obtain  salt  or  oily  water. 
The  rim  of  Devonian  shales  about  the  Silurian  rocks  often  yields 
ehalybeate  springs.     In  the  Carboniferous  limestones,  sands,  and 
shales  which  surround  the  Silurian  area  and  constitute  the  remaining 
portions  of  the  belt,  the  water  supplies  are  exceedingly  variable.     In 
the  limestones  underground  drainage  and  caves  are  of  common  occur- 
rence.    The  supplies  of  the  upper  sandy  and  shaly  rocks  are  similar 
to  those  of  the  rocks  of  the  same  class  in  Tennessee. 

The  Coastal  Plain  region,  as  in  Tennessee,  consists  of  unconsoli- 
dated clays  and  sands.  The  Ripley  sands  of  the  Cretaceous  and  the 
Lignitic  beds  of  the  Tertiary  furnish  considerable  supplies.  The 
Lafayette  material  and  the  loess  yield  very  small  supplies. 

IBB  loa— 04 24  369 
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No. 

fonnly. 

Town. 

Owner, 

& 

j 

rype  or  well 

HI 

Ball-rd 

do 

CalloTTay  ... 
Pulton 

Bland  vine... 
Staler -.. 

WiClCllffB.... 

Hleknian  .... 

Hill  .... 
....do... 

18B3 

Dog 

do 

1 

B.J.Wert- 

*i 

C.N.Crawford. _._ 

Ptaln... 

1900 

iBoe 

IBOB 

Drilled 

do 

1 

» 

ant 
iw 

^ 

.....do 

do 

do 

do 

HleknuD  ... 
do 

Fancy  Farm. 

Sedalta 

do 

do 

WaterTBlley 

OahWn 

Stubbii 

C.A.HB«eIey 

PlBln... 

DriYBU 

* 

Slope... 
PUIn... 

Slope... 
Plain... 
Lerel  ._ 

1908 
1KB 

ISO* 

Drilled 

do 

Dug 

Drilled 

Bored,  etc.  _ 

m 
s 

W 

•11 
U 
IB 

B.J.W(lford 

O.M.JohmoD 

W.S.  Burnett 

J.A.Porter     and 
W,C.  Blair... 

in* 

Wl 

Dag,driven 

McCrackeu 

Woodvlllo  . . 

uiro..__. 

Plain- 

\m 

1.1 

' 

•  See  notes  at  end  ot  this  table. 
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in  Kentucky » 

inimi 


Height 
of 
ter 


ftj    I  above 

-►    !  below 

l&'^moath 
rofwelL 


Fttt. 
10 


Feet. 
-130 


m 


115  1  -115 


65 


Material  in 

which  water 

occurs. 


Sand.. 
Gravel 


Sand 


Sand 


IS 
IS 

ao 


-113 

-» 

-50 

/-»to 
I    -40 

-75 
-50± 

—108 


Sand. 
do 


} 


Sand, 
.do 


do 

Sand,  clay 


Supply  per 
minute. 


OcMons. 
Several . 


185. 


8. 


Several 


Many  ... 


.do... 
do... 


Several 


Qnality. 


Iron,  milky  .. 

Hard,    oily 
acnm. 

Soft,  alkaline 
Soft,  iron 


Soft 


Soft 


Soft.. 
.....do 


Good 

Hard  to  soft 

Soft,  iron  ... 


How  obtained 
where  used. 


Backet. 
....do.. 


Pnmp 


Steam  pump. 


Pump 


Windmill 
Pump 


.....do 

Steam  pump. 

Pump,  wind- 
mill. 


Pump 


Uses,  remarks,  etc. 


Abandoned 

Stock:  not  consid- 
ered a  good  Water. 

Pumped  to  stand- 
pipe;  public  sup- 
ply. 

Flour  mill,re8idence, 
and  store. 

Pipe  telescoped;  well 
abandoned. 

Not  completed 

Stock:  clav,  25  feet; 
sand,  78  feet. 

Medicinal 

Domestic 

Domestic;  clav,  26 
feet:  gravel,  40  feet; 
sand,  79  feet. 

Medicinal 

Boilers,  drinking 

Drinking,  stock;  sev- 
eral wells. 

All  purposes 

Several  wells;  do- 
mestic and  stock. 

Domestic 


No. 


1 
2 

•8 

•4 

5 

6 

7 

•8 

9 

10 

•11 
12 

13 

14 
15 

♦16 


372  HYDBOLOGY   OF   EASTERN   UNITED   STATES,  1903.         [hcM 

NOTES  ON  KENTUCKY  WELLS. 

No.  8.  Analysis  rex>orted  by  owner  (analyst  unknown)  : 

AncUysis  of  water  of  toell  at  Wickliffe,  Ky, 
[Parts  per  million.] 

Calcinm  carbonate 28 

Calcinm  sulphate Nor 

Calcinm  chloride Trw 

Magnesium  carbonate 17 

Magnesium  sulphate Trw 

Magnesium  chloride , . .-. Noi 

Sodium  sulphate i 

Sodium  chloride J 

Sodium  carbonate ....  Noi 

Lron  and  aluminum  oxides i 

Carbonic  acid 8^ 

Silica 2< 

Alkalinity 71 

Suspended  matter No 

Incrusting  solids. 7 

Nonincrusting  solids     1 

The  following  is  an  analysis  by  Carl  G.  Henrichs  of  the  water  from  anot 
artesian  well  in  the  vicinity: 

Analysis  of  water  of  artesian  well  in  vicinity  of  Wickliffe,  Ky. 

[Parts  -per  million.] 

Sodium  bicarbonate 6 

Calcium  bicarbonate 9 

Magnesium  bicarbonate 3 

Iron  bicarbonate 

Lithium  bicarbonate Strong  tra 

Sodium  chloride _ 3 

Sodium  sulphate. 2 

Sodium  silicate .  _ 1 

Free  carbon  dioxide 4 

Mineral  contents. 32 

No.  4.  Following  is  a  record  of  this  well: 

Record  of  well  at  Lynngrove,  Ky, 

F 

aay  .._:..- ..*... 

Red  clay 

Gravel  and  sand . 

Red  sand  

Pottery  clay  . .  

Yellow  sand 

Two  other  wells  have  been  sunk  in  the  vicinity  of  the  oi  i  the  table, 
apparently  unlimited  amount  of  water  being  obtained  at  the  samj  depth. 

No.  8.  The  water  contains,  according  to  A.  M.  Peter,  4.6  grains  of  solid  ma 
to  the  gallon,  nearly  half  of  which  is  organic,  the  rest,  consisting  of  carbonat 
iron  and  silica,  with  small  quantities  of  carbonates,  sulphates,  and  chloride 
calcium,  magnesium,  and  sodium,  and  traces  of  potassium  and  lithium  compoui 

No.  11.  The  water  contains,  as  reported  by  A.  M.  Peter,  1^9.4  grains  of  s< 
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x>  the  ganon,  compoeed  of  snlphate  of  calcinm,  snlphate  of  magnesinm, 

>  of  manganese,  a  little  chloride  of  sodium,  and  traces  of  the  sulphates  of 

m,  potassinm,  and  lithinm.    The  water  is  decide<lly  acid  in  reaction  and 

contains  a  little  free  sulphuric  acid.    It  is  a  chalybeate  water  of  the  so-called 

'  variety,  and  is  of  medicinal  value. 

1  of  well:  Broken  stone,  15  feet;  white,  soapy  clay,  5  feet:  white  clay,  5 

€k  sand,  with  leaves',  etc.,  5  feet;  black  clay,  2  feet. 

.  Record:  Soil,  16  feet;  cemented  gravel,  20  feet;  sand,  with  bowlders,  20 

ite  chalk,  2  feet;  sand  bowlders,  with  streaks  of  white  clay,  25  feet;  red, 

dd  yellow  sand,  with  water,  57  feet. 


ARKANSAS. 


By  A.  H.  Purdue. 


Two  widely  different  classes  of  sedimentary  rocks  Are  represented 
in  Arkansas:  (1)  The  hard  shales,  sandstones,  and  limestones  of 
Paleozoic  age,  with  a  few  associated  igneous  masses,  occupying  the 
northwestern  half  of  the  State,  and  (2)  the  softer  limestones  and 
unconsolidated  clays,  sands,  and  gravels  of  the  southeastern  half  of 
the  State. 

VTEIjLS. 

Of  the  water-bearing  formation  of  the  Paleozoic  area  the  Silurian 
magnesian  limestone  is  one  of  the  most  extensive.     This  rock,  how- 
ever, is  compact,  and  water  is  found  only  along  joints  or  solution  fis- 
sures, the  finding  of  a  supply,  therefore,  being  somewhat  uncertnin. 
The  cherty  limestone,  known  as  the  Boone  chert,  and  the  underlying 
St.  Joe  marble  are  the  most  important  water  beds  of  the  Paleozoic 
area.     Because  of  the  jointed,  weathered,  and  silicious  character  they 
readily  absorb  water  and  yield  plentiful  supplies,  which  are,  however, 
somewhat  hard.     The  Batesville  sandstone,  Archimedes  limestones, 
and  Pentremital  limestone  are  also  water  bearing.     In  general  the 
waters  from  none  of  the  beds  flow.     It  is  thought,  however,  that  arte- 
sian water  may  possibly  be  had  along  the  Arkansas  Vallej' ,  but  none 
has  yet  been  discovered. 

In  the  Tertiary  and  later  deposits  of  the  northeastern  corner  of  th^ 
State  many  nonflowing  wells  are  obtained,  but  flowing  waters  are  n(^^ 
likely  to  be  found,  as  the  elevation  of  the  outcrops  in  the  catehmen  ^ 
area  is  not  liigh.     South  of  the  Arkansas  River  flowing  waters  are^ 
obtained  over  considerable  areas  from  the  Bingen  and  Washingtoi^ 
sands  of  the  Cretaceous.     Artesian  water  is  also  obtained  from  the- 
Lignitic  group  of  the  Tertiary  along  the  deeper  valleys  in  Columbia 
County.     The  waters  of  the  two  Cretaceous  sands  are  ordinarily  good 
if  the  wells  are  properly  cased,  though  the  wells  reaching  the  Wash- 
ington sand  at  a  considerable  distance  from  the  outcrop  are  often 
salty.     The  water  in  the  Lignitic  group  is  found  at  several  horizons 

8?4 
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is  generally  of  good  quality.  The  younger  dex>osits  of  the  Mis- 
ppi  bottoms  yield  abundant  water,  but  it  is  so  charged  with  iron 
other  minerals  as  to  be  of  little  value. 

the  following  table  are  given  statistics  relating  to  wells  reported 
03.  The  larger  portion  are  north  of  the  Arkansas  River,  but  a 
are  reported  from  Clark,  Hot  Spring,  Little  River,  Polk,  Scott, 
stian,  and  Sevier  counties. 


4 
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Wettretxri 
[Beporti 


No. 


1 

2 

•8 


County. 


Arkansas 
.....do.... 
do.... 


6 

7 

8 

•9 


10 
11 


.do 


Baxter. 


Benton. 

do.. 

do.. 

do. 


...do 
-.  do 


12  ; do 

13  !  Boone. 


I 


14 

16 

16 
17 

18 

19 
20 

•21 
22 

•23 
24 
25 
26 

27 
28 
28 


Carroll. 


.do 


.do 
-do 


do 

Clark 

do 


do 

Clay 

do 

do 

Cleburne 

Conway 


.do 


Craighead 
do 


Town. 


Gillett ... 

do.... 

Stuttgart 

Ulm 


Location. 


Mountain  Home. 


Oarfield. 


o 
Eh 


7S. 
7  8. 
2  8. 

2  8. 

21  N. 


20  N. 

do !21N. 

19  N. 
19  N. 


Rogers. 
do- 


.do 


i 


8W. 
8W. 
5W. 

6W. 

18  W. 


28  W. 
28  W. 
30  W. 
30  W. 


19N.   30W. 


Siloara  Springs. . '  18  N.  |  33  W. 

I'         I 
do 18N. '33W. 

Sycamore 21N.  I19W. 


Berry  viUe 
do 


20  N.  I  24  W. 
20N.'24W. 


do ;20N.;23W. 

do i20N.i24W. 

Eureka  Springs. .  21  N. '  20  W. 


Arkadclphia. 
do 


Curtis 

Hammott 

Rector 

do 

Banner 

Morrillton . . 


do 

Jonesboro. 
do 


7  S. 
7  8. 

8S. 
19  N. 
19  N. 
19  N. 
12  N. 

ON. 

6N. 
14  N. 
14  N. 


19  W. 
19  W. 

19  W. 

8E. 

7E. 

6E. 
8W. 
16  W. 

16  W. 
4E. 
4E. 


• 


18 

6 

84 


27 


83 
16 
16 


22 


33 
27 

30 

20 


30 

21 


10 


Owner. 


C.H.Harkins 
F.  E.  Martin. 


t 

i 


Pioneer  Irriga- 
tion Co. 

GFeo.  Powell 


Middle  Fork  Min- 
ing Co. 


L.Ellison 

Jno.  Summer 

A.  R.  Dooecher . . . 
Abel  Goddard 


John  Sproul . 
C.  D.  Gunter 


J.  D.  Rowland 
David  Dunlap 


Borryville   Lum- 
ber Co. 

J.  L.  Knesal 


1900 
1902 
1902 

1901 

1902 


1899 
1896? 
1901 
1894 


Type  of  wd 


Driven.... 

Tile  well.. 

Dug  60,  dri 
en  46. 

Dug  51,  dri 
en4». 

Drilled.... 


1898 


F.  B.  Bunch 

Depot     sample 
agent. 

W.  M.  Duncan 


Arkadolphia    Ice 
Co. 

A.  M.  Crow 


31  I  T.  M.  Ewing 


23 
19 


B.  T.  Copeland... 

J.  E.  Mobloy 

W.L.  Yancy 

J.  C.  Sotherland. 
J.  W.  Jonos 


Morrillton  Cotton 
Mill. 

Chapman  &  Dewey 
Lumber  Co. 

Jonesboro  Water 
Co. 


1902 

1902 

1902 

1892? 
1900 

1900 

1901 

1894 

1892 
1893 
1901 
1895 
1885 
1898 

1902 
1899 
1898 


Dug 

Drilled... 

Dug 

Dug3,dril 
91. 

Dug 

Drilled... 

Dug 

Dug  31, dri 

3eo. 

Drilled.. 

do.... 

do.... 

do.... 

do.-.. 

do 

do.... 

Bored 

do... 

do 

do.   -. 

do-.-. 

Drilled... 

do.-.- 

Bored  

Drilled... 


*  See  notes  at  end  of  this  table. 


i»4rkmuaM. 
bm.] 


1 


xr„. 


U BBS.  renurks,  et 


DomsBtle 

WBtsr  In  Br».,., 
used  tar  Imgatkm. 


Bi>c:li  (dolomltel  M 
ID  feat,  «ome  zinc 
ore;  said  to  be  only 
flowing  well  in  re- 


from    caTltr    ia 


Attandonfld.. 


Well    In    lii 
and  film 

plogged. 
NatQsod... 


Not  need;  jiolroluuni 


Hard 

Stiff,  Btiod., 
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Well  records  i 


No. 


80 

81 

•88 

♦83 

•84 
85 
86 

87 

88 

•39 

40 

41 
•42 


46 
47 

48 
49 
50 
♦51 
52 


53 
54 


55 


56 


57 
♦58 
59 
60 
61 
62 
68 


Ck)unty. 


Crit«.enden 
Faulkner  .. 

do 

Pranklln... 


do. 

do. 

Pulton 


Greene 

do 

Hot  Spring  . . 

Inde];>endence 


.do 
.do 


43  I  Jackson 

44  ' do.. 


Location. 


Town. 


Turrell  .... 

Enders 

Holland.... 
Charleeton. 


Denning 

Whiterock 

Mammoth  Spring 


Delaplaine 

do 

Malvern  . . 


o 
Eh 


Cushman 


Moorefleld . 
Sharp 


Newport. 
....do... 


45     Johnson. 


Lawrence. 
do 


Imboden 
Lynn 


do I  Walnutridge  .. 

Lee ,  Lagrange 

do !  Mariana 

Little  Bivor  . '  Mil  wood 

do I  Richmond 


Lonoke |  England 

do I  Lonoke  . 


Madison i  Huntsville 


Mante. 


Pettigrew 

Monroe Brinkley  . . 

Marion |  Oakland  .. 

do I do 

do ' do 

do I  Yellville.. 

do.. I do 


9N. 

8N. 
6N. 

8N. 

9N. 
UN. 
21  N. 

18  N. 

19  N. 
4S. 

14  N. 

18  N. 
14  N. 

UN. 
UN. 


& 


Clarksvillo 9N 


8E. 
12  W. 
12  W. 
28  W. 

26  W. 
28  W. 
6W. 

8E. 

8£. 

17  W. 

7W. 

6W. 
5W. 

3W. 
3W. 

23  W. 

2W. 
3W. 


18  N. 
16  N. 

17N.!  IE 
IN.  I  3E. 
2N.  I  4E. 
12  S.   28  W. 


US. 


2N. 
2N. 

17  N. 

16  N. 


13  N. 


20N. 
20N. 
20N. 
19N. 
18  N. 


3DW. 


9W. 

8W. 

28  W. 

27  W. 


25  W. 


15  W. 

16  W. 
16  W. 
16  W. 
16  W. 


d 
o 

I 


29 

13 

3 

82 

22 

2 

11 

9 
81 
15 


7 
28 

10 


15 
35 

35 
25 

33 


16 


34 


14 


1 
6 
12 
8 
9 


Owner. 


>* 

Baker  Lumber  Co 

1900 

W.LCaark 

1885 

W.G.Goode 

1901 

Frank  Fealy 

1891 

Geo.Mayhall 

1902 

Geo.  Anthony 

1901 

Q.F.Jones 

1899 

E.Burk 

1902 

P.Hammas 

1879 

Wm.  Kirkpatrick 

Q.W.Gregory.... 

W.W.McLendon. 
C.Howard 


W.B.Chastain.... 

Newport  Ice  and 
Cold  Storage  Co. 

D.N.Clark 


H.  F.  Sloan 

W. G. Lewsaw  ... 


P. 

a 

8 
(4 


1908 

1891 

1887? 
1885 

1901 
1808 


Type  of  wel 


Driven. 
Drilled. 

do- 

do. 


do-. 

do.. 

Blasted 

Driven. 

do.. 

Drilled. 

do.. 

Dug.... 
Drilled. 

do.. 

Driven . 


1900     Drilled 


S.C.Dowell ;  1882 

J.  B.  Hopkins |  1807 

Spoke  factory 1902 

W.J.  Wheat <  1880 

M.  A.  Locke 


1908 
1888 


Dug 


.do... 


Q.W.Morris. 
Fred  Glen  ... 


W.  A.  Marrs 


1900 
1902 

1893 


Jason  Clark 190S 


Knight  Bros 1901 

P.B.Foote I  1908 

M.C.Hoyan i  1898 

G.M.D.Hoyan  ...I  1897 

E.Hayon I  1898 

W.N.AUen !  1902 

C.N.Wilson I  1892 


Driven . 

do. 

do. 

Dug... 
Driven . 


.do 
.do 


Drilled 


.do 


.do 


Driven . 
Drilled. 

do. 

do.. 

do.. 

do.. 


*  Bm  botet  at  and  of  thla  tabl«. 


«C„ 


Bov  obudned 


tTsea,  remarks,  etc. 


Bonen,  domestic .. 


Water  from  Blato. . . 

Water   from   slate 

used  In  bollere,  eu 


Hard,  iron  . 
Soft,lroD  .. 


Bored  (or  oil,  got 

BnUbed. ' 
Water  In  BaadBtone; 

drilled  for  oil  (t); 


Domestic, stock  .. 
Water  In  shale;  mln- 

Drllled  for  oil  (1 


I     m  vldnlty. 
J  Drilled  for  oil  and 
I      gun:    absiidoiied: 


.   Domestlc.Btouk.. 
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Wdlrtcordtw 


Ko. 


66 


m 


70 
71 
78 
78 
74 
75 
76 
77 
78 

79 
80 

81 

82 

83 

•84 

♦86 
86 

87 


88 
•80 

90 


Comity. 


Phillips 
do„ 


Town. 


Helena. 
do. 


Poinsett 

Polk 

Prairie 

Randolph... 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

St.  Francis.. 

do 


Marked  Tree 

Wickes.. 

Dee  Arc 

Brockett 

Foster 

do... 

Majmard 

do 

Middlebrook. 
do 

Pitman 

Pocahontas . . 
do 


do 

Forrest  City 

do 


Scott !  Waldron 

do ' do... 

Sebastian '  Bonanza 


.do Fort  Smith. 

.do Huntington. 

.do Mansfield... 


Sevier. 

do. 

do. 


91    do 

92  Sharp 
98  I do 


94 

♦96 

96 


BenLomand. 
do 

Browns  town 

do 

Ashflat....... 

Hardy  

Beebranch . . . 


VanBuren. 

White Beebe. 

do I  Rnssell. 


Lfocation. 


2  8. 
2  8. 

ION. 

5  8. 

4K. 
19K. 
20K. 
20  K. 
20K. 
20N. 
21 N. 
21N. 
21 K. 
19  N. 
19  N. 

19  N. 
5N. 

6N. 

8N. 
3N. 
6N. 

8N. 
5N. 

5N. 


—  1 


I 


lis. 

US. 

lis. 
lis. 

18  N. 

19  N. 

5N. 
5N. 
AN. 


I 


5E. 
4E. 

6E. 
88  W. 
6W. 
IE. 
IE. 
IE. 
2E. 
2E. 
IE. 
2E. 
8E. 
IE. 
IE. 

IE. 
8E. 

3E. 

29  W. 

29  W. 

30  W. 

32  W. 

31  W. 
30  W. 


29  W. 
29  W. 

29  W. 

29  W. 
6W. 
5W. 

13  W. 
8W. 
5W. 


i 


85 
24 

U 

21 

8 

13 

5 

6 

24 

81 

13 

28 

28 

28 


34 

28 

29 

6 


26 


9 
9 

16 

11 

0 

11 


loeOo 

Water  Co. 


M.T.  Lumber  Co. 

J.X.  Felts 

J.W.Bnmey ..... 

MaekMUem 

J.W.Fyre 

Joe.Alphin 

W.B.  Bowling.... 
J.W.Bichardaon. 

8.  H.  Parker 

Jas.  Spence 

J.B.Shemwell.... 

J.  A.  Douglas 

W.A.Owen 


W.H.  Waddle 

Consumer  Cotton 
OUCo. 

Town 


M.F.Simmons 

G-B.Speer 

Western  Coal  and 
Mining  Co. 

Smith  Lumber  Co 

Central  Coal  and 
Coke  Co. 

T.  P.  Edwards 


i 
f 

S 


1902 


1908 

1801 

1888 

18Be 

1804 

1807 

190B 

1901 

1885 

1800 

1875n 

1806 

1902 

1901 
1800 


Type<tfirdL 


Bored —  I 

.....do -- 


Drilled... 

Dug 

Driven... 

Dug 

Drilled... 

do.... 

do.... 

Dug 

Drilled.. 
do... 

Dug 

Drilled.. 
do... 

do... 

Bored... 


1806-  Drilled. 
1900 


Rev.  T.  Dulany  . . 
Capt.  Hemdon, . . 

P.  Hinsworthy . . . 

J.E.Smith 

Jerome  Gardner . 


1800 
1902 
1887 

1802 
1800 

1900 


1880 

1875 

1875 

1900 
1890 


.do 
.do 
.do 

.do 
.do 

.do 


Bored 
do 


.do 


Joel  Turner 1896? 

J.E.Scanlan [  1902 

W.H.Pate ,  1896 

Town :  1902 


Drilled. 
Bored .. 


Dug30,dri]kM 
36. 

Drilled. 

Bored  eo.... 

Bored 


♦  See  notes  at  end  of  this  table. 


ARKANSAS. 


il 

a 


Uses,  remarks,  etc. 


Boft.itlkkUne 

Soft 

Hmrd 


Water  Id  nnd;  imb-  I 

lie  mpplr. 
Domestic  BQpplT,  etc 


Umeatoneat  S  («et. .  i 
Water  tram  rock ! 

WeUst: 


Water  from  roelc .. . 


UUlinippIr — - 

Water  in  nnd:  pnb- 


UBedatmlU... 


BollerB.  wetting 
ahaJe  for  Brindiujj 
^man    ac  aroo 


\    roukatlHIee' 


.   Limi^DtiH    Arom    S 
feet  lo  bottom. 

.   Boilers 

.   Teatwell 

.   Pnlilicwell 
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NOTES  ON  WELLS  OF  ARKANSAS. 


No.  8.  Mr.  John  Gtinther,  of  Stuttgart,  rex>ort8  that  he  has  pat  down  aboofc 
400  tnbnlar  wells  in  Arkansas,  Prairie,  Jefferson,  Monroe,  and  Lonoke  coim- 
ties.  The  wells  range  from  45  to  150  feet  in  depth  and  always  get  an  abnndaat 
snpply  of  water  in  coarse  white  gravel.  The  water  is  reported  to  contain  mag- 
nesia, iron,  and  lime.  On  the  bottom  lands  in  the  same  connties'soft  water  cib 
be  obtained  at  shallow  depth.  Deeper  wells  on  the  bottom  lands  give  clear  water 
when  first  pnmped,  which  after  being  exposed  to  the  air  for  several  hours  is  said  to 
torn  as  white  as  chalk;  bnt  on  standing  twenty-fonr  honrs  the  sediment  snbsidefi. 
The  water  of  the  prairies  is  clear  throughont. 

The  well  of  the  Pioneer  Irrigation  Company  passed,  in  the  first  few  feet, 
through  a  succession  of  black  and  yellow  sands  and  clays,  beneath  which  red  day 
containing  occasional  layers  of  pebbles  and  fossils  was  encountered.  The  red 
clay  extends  to  the  bottom  of  the  well,  becoming  more  sandy  in  the  lower  portion. 

No.  9.  About  five  years  ago  a  whistling  sound  was  noticed  at  this  well.  It  coaM 
be  heard  for  a  distance  of  half  a  mile  and  continued  for  a  day,  after  which  it 
ceased.  Fish  up  to  2  inches  long  have  been  drawn  up  with  the  water.  A  number 
of  dry  cavities  in  the  limestone  were  encomitered. 

No.  21.  Record:  Soil,  2  feet;  reddish  clay,  22  feet;  reddish  clay,  with  black 
streaks,  3  feet;  black  eai*th  (shale?),  118  feet.  Some  of  the  wells  in  the  vicinity 
are  strongly  impregnated  with  sulphur.    Other  wells  are  too  salty  for  ordinary  use. 

No.  23.  This  well  differs  from  others  in  this  region  in  the  fact  that  after  passing 
through  a  hard  blue  clay  at  about  80  feet  the  auger  seemed  to  drop  into  20  feet  of 
water. 

No.  82.  Record:  Soil,  10  feet;  sandstone,  10  feet;  slate,  40  feet. 

No.  38.  Record:  Clay,  4  feet;  shale,  4  feet:  hard  blue  rock  (limestone?) ,  2^  feet; 
shale,  75i  feet;  coal,  5  feet;  slate,  19^  feet. 

No.  84.  Record:  *'Blue  and  gray  granite"  (limestone?),  85  feet;  black  slate, 45 
feet;  soft  black  shale,  6^  feet. 

No.  39.  Record:  Gravel,  14  feet;  clay,  20  feet;  fuller's  earth  (blue  mud),  69 
feet;  white,  flinty  rock  (sandstone  with  some  pyrite,  etc.),  to  250  feet. 

No.  42.  Mr.  Howard  and  others  control  three  wells  of  mineral  water,  which  is 

sold  for  medicinal  purposes.    Analyses  by  the  geological  survey  of  Arkansas  are 

as  follows: 

Analyses  of  water  from  two  wells  at  Slmrp,  Ark. 

[Parts  per  million.] 


Sodium  chloride  (common  salt) . . . 

Potassium  sulphate 

Sodium  sulphate  (Glauber's  salt)  . 
Magnesium  sulphate  (Epsom  salt) 

Calcium  sulphate. . 

Iron  sulphate . . 

Calcium  carbonate .   . 

Lithium 

Silica 

Total  in  solution . 


1 

Well  No.  1. 

Well  No.2. 

127.7 

53.2 

73.5 

27.9 

;         147.5 

66.3 

1,971.0 

1 

593.4 

:         634. 9 

378.1 

'             5.0 

3.9 

:         940. 7 

512.8 

Trace. 

Trace. 

51.6 

1 

30.1 

3,951.9 

1,665.7 

mnriL]  ARKANSAS.  388 

No.  51.  Mr.  Wheat  is  aathority  for  the  statement  that  5  miles  sonthwest  of 
Sllwood  there  is  a  well  1,200  feet  deep,  owned  by  the  Hndson  Lnmber  Ck)m- 
my.  The  water  is  a  solphnr  water  and  stands  at  —85  feet.  Raised  by 
■chinery. 

No.  58.  Mr.  James  L.  Ray,  well  driUer,  rex>ort8  that  in  this  region  good  sup- 
ies  of  water  are  obtained  in  coarse  gray  sand  or  in  gravel  at  depths  of  from  65 
75  feet.  The  first  10  feet  are  generally  yellow  clay,  followed  by  10  to  30  feet  of 
Uaw  sand,  below  which  is  abont  1  foot  of  bine  clay  resembling  soapstone. 
meath  this  clay  there  are  20  feet  of  qnicksand,  while  below  the  latter  is  a  bed 
red  or  yellow  clay,  nnder  which  is  more  fine  sand  and  gravel.  The  water  will 
18  to  abont  80  feet,  below  sorface.  Of  wells  of  this  tyi)e  the  following  may  be 
mtioned: 

Feet. 

V,  Allen 68 

m  Allen 71 

W.  Bnnch 70 

ralBnrgman 64 

nnes  Dickson 70 

L  Harrison 65 

).B.Labells 67,75,76 

tanMcBride 72 

ft.B.McKnight , 71 

8.8.0dons 73 

P.QinComiMmy--- 76 

LSapp 69 

Ko.  66.  Analysis  by  Felix  Pagnin. 

Analysis  of  water  of  well  at  Marked  Tree,  Ark, 

[Parts  per  million.] 

Calcium  carbonate 18.6 

Calcium  sulphate 6. 7 

Sodimn  chloride 8.8 

Magnesium  carbonate 8. 1 

Silica 2.4 

Other  mineral  salts Trace. 

Ko.  84.  Following  is  a  record  of  this  well: 

Record  of  well  at  Bonanza,  Ark, 

Feet. 

Earth 5 

Bitnininous  shale 13 

Sandy  shale 11 

Hard  san  d  rock 8 

Soft  shale - i 

Hard  clay ..- U 

Very  hard  sand  rock 3 

Water  which  flowed  out  of  pipe  at  surface  was  found  at  8  inches  from  bottom. 
This  is  rejwrted  to  be  the  only  flowing  well  in  Sebastian  County. 
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Ka  85.  Beoord:  day,  16  foot;  slate,  with  lumps  of  haxd  nad  xock,  96  foeL 
Mr.  E.  E.  Goddard  reports  two  weUs  in  the  vidnitj  of  his  hoose,  each  abooftlM 
feet  deep,  water  being  encoontered  at  abont  118  feet.  Water  is  somewhat  adti. 
Other  wells  obtain  soft  white  solphnr  water  at  aboat  60  feet 

No.  89.  Record:  Joint  clay,  17  feet;  bine  marl,  60  f^et;  sandstone,  water  stlrik*: 
torn,  4  to  6  feet;  hard  bine  marl,  54  feet. 

No.  95.  Record:  Oray  clay,  80  f^t;  red  day,  with  water,  20  feet;  gray  flsnd,! 
feet;  black  marl,  40  feet;  red  sand,  with  water,  19  feet;  Uack  gammy  day,  iri& 
strong  flow  of  water,  2  feet. 


ABKAirSAS.  885 

SPRINGS. 

rhe  larger  and  more  important  springs  in  Arkansas  occur  in  the 
leosBoic  region  of  the  northwestern  portion  of  the  State,  where  the 
ignesian  limestone  yields  especially  copious  flows,  some  of  the  springs 
ing  rise  to  streams  of  some  size  at  the  very  start.  The  Mammoth 
rings  of  Fulton  County  are  estimated  to  yield  150,000  gallons  per 
Qute.  Important  springs  occurs  along  the  junction  of  the  St.  Joe 
rble  with  the  underlying  Eureka  shale.  Of  these  the  Eureka 
rings  are  the  best  known.  Similar  springs  occur  in  the  sandstones, 
»ecially  in  the  Boston  Mountains. 

The  value  of  springs  for  medicinal  purposes  and  as  sites  for  resorts 
ilready  great  in  Arkansas  and  their  importance  will  doubtless  con- 
ue  to  increase  rapidly  in  the  future. 

IRR  102—04 26 
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MisceUaneowi  spring 
[Reported 


No. 


County. 


1 
2 
8 
i 


Benton. 

do.. 

do.. 

do  . 

Carroll 

do.. 


Town. 


Bentonville . .  i 

Garfield | 

do 

Rogrers 

Berry  ville  , . . ; 


8.  A.  Jefferson 

Railroad 

B.P.Bayan... 
W.R.Pelker.. 


Berryville  Milliner 
Co. 


do '  C.  P.  Bunch 


7 

♦8 
♦9 

10 

ni; 

13' 

1 
I 
14 

15 

16 

♦17 

♦18 

♦19 
2() 

23 
'£i 

24 
♦25 
♦26 


do.... 

Cleburne 
do.... 


do... 

Pearson . 
Quitman. 


Mrs.  W.W.Davis.. 

G.W.Stacy 

Pindley  Lagon,  etc . 


Locality. 


fe!  p. 


20  N. 
21 N. 
21 N. 

19  N. 

SON. 

20  N. 

20N. 
ION. 
18N. 


& 


30  W. 
29  W. 

28  W. 

29  W. 

28  W. 
24  W. 
24  W. 

low. 

20  W. 


o 


28 

SB 

29 

5 

80 


10 
82 


Tem- 
pera- 
ture. 


Cold. 


65 
55 


Cold. 


Quality. 


Hard.... 
.....do... 
Medium. 
Soft 


.do 


Hard,  pure.... 


Cold.    Medium 

Cold.  I  Pure 

i  Mineral.gas 


i  I 


Crawford '  Mulberry ,  Sarah  Inmon UN 


do 

Paulkner ' 

Pranklin ' 

Pulton 


...-do.. 
Holland 
Ozark . . 


W.P.Winfrey. 
C.B.Rigsrin  -- 


Manitou     Springs 
Co. 


do 


Mammoth 
Spring. 

do 


ION. 
8N. 
ION. 

21 N. 


Hilary  Chilcote 

I 
Napoleon  Hill  et  al .  i  21 N . 


Independence.    Batesville R.  W.  Eamheart. . .  18  N. 


29  W.I  12    1  Soft 


do. 
do. 


Hazelgrovo       «.  (\  Walden 14  N. 

Mooro  field   . .    Robt .  Morris ' 


29  W. 

low. 

27  W. 

6W. 

I 

5W.  I 

I 

7W.  I 
4W. 


21 


5 


20 


Cold.!  Hard.... 

!  Sulphur. 

61  I 


Cold. 


5  SO 

I 
29  I        60 

I 

13 


Medium. 


I 


Hard,  g^a . 
Preestone. 
Soft 


Izard. 


Huron    S.Scott 


Ja<-.k8on . 
MadiRon 
Pope 


Grandglais<>  .! 
Pettigrew       ! 

Caglesvillo.   .' 


.do Freeman 


C^aH.  Ross  - . 
John  Phelon 
I.N.Tagle.. 
A.C  Shou.**<i 


2; 


do.... 

Randolph 

do.... 

Stone 


I 


♦38 
2» 

30 

I 

♦31  '. 
Ji2 


Washington  . 

do 

White 


Gip 

Elm  Store  . 

Maynard 

Moui)  tain 
view. 

Springdale. 


I.L.Talkington... 
Joe  Stuliblofleld . . 

R.J.M.Wyatt 

J.H.Blauehurd.... 

J.    Smith,    J.    W. 
Stults. 


.do...., 
.do 


33  ,  Yell 


.d«) Town 


IKN. 

ION. 
13  N. 
ION. 
12  N. 

8N. 
21  N. 
21  N. 
15  N. 

18  N. 

15  N. 


low.    Ifi  '  Cxx)!. 


4W. 

I  25  W. 

:i9W. 

20  W. 

,  19  W. 
2W. 

2E. 

11  W. 

I 

I 
:*)  W. 

:«)  W. 


Medium. 


10  I  Cool. 


Mineral , 

Iron 

55     Soft,  gas 

I  I 

2»5  42^i  Iron,  sulphur  - 

1  1 

I 
5  (i6     Iron 

9     Cold.,  Some  gas 

29    '  Soft 

5  55  ! do 


2:J 


48 


Soft 


Beeb« 


Bradford 
Essex 


J.S.Smith r»N.     1>  W. 

O.  J.  Davis ON.     4  W. 

E.Walker ON.     H  W. 


14    1  Iron,  sulphur, 

,      magnesia. 

i\  45  ' do 

19    1  Soft.suliihur  . 


Chickalah 


J. P. Choato '  ON.    22  W.    10 


m 


Sulphur,  gas 


♦  See  notes  at  end  of  this  table. 


887 


bjnto). 


ItBtorU  from  wblEh 


UmBatone  and  flint.  SnppUm  WBlenrorkB  . 
Biaeltmeatone'bliUI.!  Bollrowl  irator  tank  .. 

DomcsLk^Htock. 

Kedlc^nal.drinUng  ... 


Not  trom  rock. . 

Rock 

Not  from  roclc.  _ 


DoDKBtlc,  stock... 


.    SpriliKllBiDeBiuailartre 
.,  HeiUcln&lpnipertlea.-. 


Oooaaloiially  for  medh'- 

IdkI  porpofleB. 
OenenlBW.niinpors...    Iron     depoait      below 

Drinking  ___ I  Hadloinal  properties.. 


DrinklnK _ 

Power    for   flour  and     Hotel  and  iMirk . . 
cotton  mill, 
Dtetinen' and  nUlroBd  


.1  Old     Robert      Horrls 


Power   for    nw    ani 
Bottled  and  nbipped.- 


DomesUc.  bollera 

MedtL-loBl.ilrlnkins....   Yellowish    bmwi 


-    Not  from  rock. . , 

.   Limestone 

.   Lithograph  stone 


LimsMone  and  flint 
BandHtj>nu 


Oeneml  iLio ' 

I>omestl,-.Bt.x:lt MUky  after  rain 

MlllinK  purjywes ■  Modioinalproperaw 


.   Mi^dicSnnl   pfop 


DiimoHtic Medicinal  properties. 

.    RHtliinK.drinkine,etc..|  Bote!  and  bath  honai 

.!  DrinltinK  ._ Hol«l,otc..at «pHns... 
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NOTES  ON  SPRINGS  OF  ARKANSAS. 

No.  8.  Another  fine  spring  of  water,  shnilar  in  quality  to  that  of  Mr.  Stacy,  is 
rei)orted  on  the  land  of  Lonis  Porten,  1  mile  west,  while  a  spring  of  white  sulphur 
water  is  rei)orted  on  the  land  of  J.  T.  Harglewood,  2  miles  to  the  west. 

No.  9.  A  strong  spring  of  chalybeate  water,  nsed  to  mn  machinery,  is  located 
200  yards  below  the  springs  described  in  the  table.  A  nmnber  of  snlphnr  and 
other  mineral  springs  are  reported  in  the  surrounding  region. 

No.  11.  The  Qnesenbnry  and  Farring  are  imx)ortant  springs  which  are  located 
within  a  few  miles  of  Mulberry. 

No.  17.  A  number  of  other  large  springs  are  rei)orted  in  the  vicinity. 

No.  18.  This  is  the  boldest  and  generally  conceded  to  be  the  best  spring  in  Inde- 
pendence County.    It  is  located  about  1  mile  west  of  north  of  Moorefield. 

No.  19.  Mr.  Scott  is  the  owner  of  5  springs,  located  in  sees.  9,  16,  and  17. 
The  waters  are  generally  medium  soft.  One  of  the  springs  carries  a  greenish 
bronze  glistening  scum  on  the  surface,  and  gives  a  reddish  brown  sediment  on 
standing.  The  water  of  the  latter  has  not  been  used  except  for  stock.  The 
springs  are  abundant  all  through  the  hilly  country  of  the  vicinity.  The  great 
majority  of  the  inhabitants  in  fact  depend  on  springs  rather  than  on  wells  for 
their  water  supply. 

No.  21.  Mr.  Phelon  owns  a  number  of  other  springs  located  near  the  one  in  the 
tables,  no  two  of  which  are  alike.  Several  of  them  are  reported  to  x>os8ess  medic- 
inal properties.    One  of  the  springs  deposits  some  iron. 

C.  W.  Anderson  reports  an  iron  spring  possessing  medicinal  properties  on  his 
land,  5  miles  south  of  Huntsville,  T.  13  N.,  R.  29  W.  Another  spring  of  similar 
quality  is  reported  in  T.  12  N.,  R.  27  W.,  15  miles  north  of  Ozark.  None  of  the 
springs  have  yet  been  developed. 

A  spring  of  soft  water,  on  the  land  of  Mary  A.  Lawe,  near  Huntsville,  sec.  3 
or  4,  T.  16  N.,  R.  26  W.,  is  reported.  Other  springs,  owned  by  S.  Nunnelly  and 
E.  A.  Routh,  located  5  miles  north  of  Huntsville,  in  sec.  11,  T.  17  N.,  R.  26  W.. 
are  said  to  have  large  flows  and  to  possess  medicinal  properties.  The  streams  are 
of  sufficient  volume  to  furnish  water  power  for  a  mill.  After  running  about  300 
yards  the  water  sinks  into  the  ground,  but  reapi)ear8  from  a  cave  about  half  a  mile 
distant. 

No.  25.  This  spring  suddenly  broke  through  the  soil  about  fourteen  years  ago, 
making  a  passage  about  as  large  as  a  barrel.  An  oily  scum  showed  for  some  time 
on  the  water.  Another  spring  of  hard  water  with  medicinal  properties  is  report^jd 
on  the  land  of  W.  W.  Waggoner,  sec.  0.  T.  21  N.,  R.  2  W. 

No.  26.  Numerous  other  springs  are  reported  within  a  radius  of  2  or  3  miles. 
They  are  all  of  about  the  same  character. 

No.  28.  There  are  a  large  numlx^r  of  other  springs  of  similar  character  in  thi^^ 
region.  Some  give  a  red  sediment  on  standing  and  have  other  mineral  properties- 
Among  the  more  important  of  the  springs  are  the  Stults  Spring.  2  miles  northwest 
of  town;  Hewitt  Spring,  3  miles  east  of  town;  Graham  Spring,  3  miles  east  of 
town;  Henson  Spring,  2  miles  southeast  of  town,  and  Vernon  Spring,  3  miles  south 
of  town. 

No.  31.  Another  spring,  charge<l  with  mineral  matter,  is  located  on  the  laud  of 
D.  E.  Hawse,  sec.  6,  T.  9  N.,  R.  5  W. 


MISSOTJRI. 


By  E.  M.  Shepard. 


WELiliS. 


North  of  the  Missouri  River  the  surface  of  the  State  is  covered 
with  drift.  From  this  the  shallower  water  supplies  are  mainly  derived. 
The  deep  wells,  however,  penetrate  the  Coal  Measures  and  obtain 
abundant  supplies  of  a  somewhat  saline  water  from  a  heavy  sandstone 
at  the  base  of  the  Coal  Measures.  These  waters,  though  salty,  can  be 
used  for  watering  stock.  Occasional  flows  are  obtained  in  the  lower 
areas,  single  wells  or  small  artesian  districts  being  located  at  Tarkio, 
Bethany,  Gallatin,  XJtica,  and  at  points  in  Randolph,  Chariton,  and 
Carroll  counties,  north  of  Missouri  River,  and  in  Saline,  Henry, 
Vernon,  Camden,  and  Miller  counties,  south  of  the  river.  The  waters 
are  derived  from  the  carboniferous  sandstones,  from  the  St.  Peter 
sandstone,  and  from  other  minor  beds. 

South  of  the  Missouri  River  the  region  is  generally  driftless.  The 
highest  land  is  in  the  St.  Francis  Mountains,  which  mark  a  domelike 
nplift  of  the  rocks.  At  the  center  of  this  dome,  as  now  exposed  by 
erosion,  pre-Cambrian  rocks  are  found.  Cambrian  and  Silurian  rocks 
occur  as  belts  around  the  edges,  while  farther  away  the  Coal  Measures 
are  encountered.  In  the  Missouri  portion  of  the  uplift  the  dips  are 
mainly  to  the  north  and  west.  The  region  is  one  of  nigged  topography 
aud  the  land  is  in  general  uncultivated,  except  along  the  outskirts  of 
the  area.  Springs  abound,  but  wells  are  few  in  number.  An  occa- 
sional flowing  well  has,  however,  been  obtained  in  M(;Donald,  New- 
ton, Christian,  Camden,  Miller,  Cole,  Jefferson,  and  Cape  Girardeau 
connties.  In  the  highlands  along  the  Mississippi  south  of  Cape 
(iirardeau  County  the  surface  waters  are  poor,  but  an  artesian  well 
has  been  obtained  at  Campbell,  in  Dunklin  County,  and  others  may 
possibly  be  secured. 
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NOTES  ON  WELLS  OF  lOSSOUBL 

No.  8.  There  are  aboat  seyen  flowing  weUs  at  ibis  point    The  water  gener 
carriefi  same  iron,  and  two  vrelUi  are  strongly  saline. 
No.  4  Well  originally  flowed.    Many  flowing  weUe  in  county. 
No.  11.  Following  is  the  record  of  this  weU: 

Record  of  well  at  Brajgrner,  Mo, 
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MeBord  cf  wdl  at  Braifmer^  Mo. — CkmtiniiecL 
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Record:  Salt  water  sandstone  at  600  feet,  snbcarbonif erons  limestone  at 
;,  St.  Peter  sandstone  (60  feet  thick)  at  1,250  feet,  limestone  at  1,850  feet 
arties  report  a  pnre  white  sand  at  1,250  feet. 

3.  Record:  Depth  to  sandstone  (thickness,  86  feet,  with  saline  water),  444 
pth  of  sabcarboniferoas  limestone,  480  feet.    Penetrated  the  limestone 


1.  Record:  Salt  water  sand  at  500  feet,  snbcarboniferons  limestone  at  600 
^ith  the  exception  of  20  feet  of  hard  sandstone  at  700  feet  and  10  feet  of 
;  a  lower  point,  all  was  limestone  from  600  to  1 ,100  feet  At  several  points 
locality  good  supplies  of  fresh  water  are  obtained  in  the  CkMtl  Measures,  at 
of  150  feet.    The  water  rises,  bnt  does  not  flow. 

5.  O^er  water  horizons  were  foxmd  at  182  and  220  feet    The  water  was 
d  by  a  local  chemist  and  prononnced  to  be  of  medicinal  valne. 

6.  Located  on  side  hill  near  the  Missouri  River  bottom.    Saline  water, 
uggishly. 

Record  of  well  at  Carrollton,  Mo, 


Material. 


lale 

hale 

>ne 

ad  dark  shale 


ad  black  shales 


ad  gray  shales 
)ck 


ind  dark  shales 


xsk 


ThickneoB. 


Feet 


25 


{ 


ind  dark  sand  and  shales. 

Dck 

hales 


Depth. 


F^et. 


13 

88 

11 

49 

1 

50 

3 

58 

1 

54 

5 

59 

1 

60 

6 

66 

3 

69 

21 

90 

30 

120 

4 

124 

17 

141 

3 

144 

W 

\         \ti5i 
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Record  of  well  at  Carrollton,  Mo. — Continued. 


Material. 


Thickness.  I    Depth. 


F>et. 


Fett 


Gray  shales 

Gray  and  dark  shales 

Dark  shales 

Gray  and  dark  shales 

Upper  half,  white  sand  rock,  soft 

Lower  half,  porons,  saline  water  stratum . 
Dark  shale ...  - 

Red  sandstone 

Dark  shale 

Coal  (5  inches) 

Dark  shale,  loose  and  pebbly 

White  flint  formation 


10 

12 

3 

11 


165 
In 
180 
191 


30 
o 
6 

10 


211 
316 

m 


No.  17.  In  this  well  the  depth  through  the  Coal  Measures  to  the  suVCarbonifer- 
ous  limestone  was  ^90  feet.  The  well  entered  the  latter  40  feet,  but  found  no 
water. 

No.  18.  Following  is  the  record  of  this  well: 

Record  of  well  at  Ludlow ,  Mo. 


Material. 


Thickness.  '    DeptL 


Clay 

Hard  rock,  alx)ut- 

"Conglomerate  '* .  

Unrecorded , 

Coal  - - 

Hard  white  sand  rock    . 

Coal 

Shales - 

Character  of  strata  not  reported 


Feet. 

180 

10 : 

30  I 
20 
4  > 
13  I 
o 
3 
236 


Frd. 


190 
220 
240 
244 


2o7 


26 


26.5 
501 


No  water. 

No.  19.  Following  is  the  record  of  this  well: 


Record  af  well  at  Plymouth,  ^fo. 


Material. 


Clav 

Sandstone  saturated  with  "  tar '' . 

Shales 

Hard  white  shales 

Drilled  into  but  not  through  sand  rock. 


Thickness. 

1 

Dopth 

Feet. 

Fv^-t. 

15 

.  —  —  - 

10 

50 

75 

90 

10.") 

15 

180 

Saline  water  obtained  in  the  last  15  feet,  abundant. 


mssouBi. 


401 


The  f oUowIng  zeoord  is  given  far  this  well: 

Record  of  well  at  Tina,  Mo, 


HAterial. 

Thlcknen. 

Feet. 
40 

4 

4 

20 

5 

2 

215 

40 

55 

40 

95 

5 

2 

40 
5 

70 

5 

28 

Depth. 

fand 

/Vef. 

it 

44 

48 

68 

3 , 

78 

it 

75 

i  fllate      

290 

ie - 

Qeetone 

880 
885 
425 

^bftbly  cherty  limefrt^up)              ... 

520 

525 

527 

..____..^. .__,._. _. . _ 

567 
572 

estone  _ 

md ,  ftnd  water    .  ,                                        .     . .     .  , 

642 
647 

1.  flinty  limestone,  fMx^    ..                .... 

675 

The  water  of  this  well  is  advertised  and  sold  as  medicinal  water.    The 
formerly  a  resort,  bnt  is  now  seldom  visited.    Analysis  reported  by 
lalyst  unknown) : 

AnalyHiH  of  tatter  of  well  at  Drexel,  Mo, 


[Parte  i>«»r  million.] 


rioxide 


oxide 

[M>mbination 
snlphide.    . 


12.1 

6.0 

2.9 

784.9 

73.0 

93.4 

Trace. 

931.6 

178.8 

.9 

2, 083. 6 
21.5 


leralmatter 2,062.1 


102— 04r 


-26 
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State  of  combination: 

SiKcaCSiO^) 12.1 

Calcium  bicarbonate  (CaH2(C05)2) 1'.3 

Magnesium  bicarbonate  (MgH2(C08)2) - 10.6 

Sodiimi  bicarbonate  (NaHCOs) - 1,736.7 

Sodium  sulphate  (NajSO^) 128.6 

Sodiimi  chloride  (Naa).. 154.1 

Sodium  sulphide  (NajS) 2.1 

Mineral  matter 2, 061.5 

No.  25a.  Baths  have  been  constructed  at  the  spring.    Some  water  is  soli 
Analysis  reported  by  owner  (analyst  unknown). 

Analysis  of  water  of  ivell  at  Brunswick^  Mo, 
[Parte  per  million.] 

Magnesia 12,514.6 

Chlorine .-. 8,218.6 

Lime - -...  1,083.5 

SiUca - -- 5.0 

Oxygen ..     - 1,851.9 

Soda .--  6,332.3 

Sulphur trioxide ._  ..- 1,085.7 

Carbon  dioxide - 429.9 

Water  in  combination  . . 87.9 

Lithium -.  Trace. 

No.  81.  Used  extensively  for  bathing  at  sanitarium. 

Record  of  well  at  Bethany,  Mo. 


1 


Earth  and  clay  .      . 
Hard  gray  limestone. 

Dark  slate 

Limestone 

Dark  slate 

Gray  limestone. 

Sandy  shale 

Limestone  .  _  .^ 

Soapstone  . .   . .  -   — 

Sandy  shale 

Slate  shale 

Black  slate 

Coal  (9  inches)    . 
Gray  slate .    .    .    .   . . . 

Limestone  - 

Coal  (4  inches)    

Dark  gray  slate 

Limestone 


MaUrial. 


Thickness.  '    Depth. 


Feet. 


Feet. 


45 

-  -  -  -  • 

11 

56 

8 

64 

12 

76 

0 

81 

17 

98 

81 

179 

5 

181 

4 

1>^^ 

32 

220 

18 

239 

1 

239 

1 

240 

14 

254 

3 

257 

19 

276 

51 

2Sl 

USSOUBI. 
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Record  of  wdl  at  Bethany,  Mo, — Contiiiiied. 


)  - 


ch) 


iches) 


le 


) 

:ed)  .. 
Istone. 

e 

shes)  . 


led) 
Je.. 


le._ 


HftterUO. 


I^oet, 


4 
10 
16 

ao 


29 
1 

83 

11 

27 
9 

11 
8 
8 
8 

64 
2 

16 


2 

20 
62 

8 
10 


Depth. 


286 
296 
811 
841 


870 
871 
408 
414 
441 
450 
461 
464 
467 
470 
584 
686 
552 


554 
574 
686 
644 
546 


There  are  a  considerable  number  of  wells  from  500  to  900  feet  deep  at 
,  the  flows  of  which  are  affected  by  one  another.  Combined  flow  of  the 
estimated  at  over  1,000,000  gallons  daily. 

Swimming  pools  and  bath  houses  have  been  constructed  at  the  well, 
;1  and  sanitarium  are  contemplated. 
The  following  record  is  given  for  the  well: 

Record  of  well  at  Carterville,  Mo, 

Feet. 

)  bowlders . .  100 

^- --- - 49 


zinc  with  flint 

etc 

etc - 

,  rock,  etc. ,  to . 


81 
250 
11 
75 
16 
648 


i 
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WELLS  OF  JOPLIN  AND  VICINITY. 
By  W.  S.  T.  Smith. 

No.  39.  Drilled  by  P.  L.  CroBsman.  Samples  preserred  below  450  feet.  Casing, 
400  feet  of  Sf-inch.  At  975  feet  a  cavity  was  struck  and  the  drill  rope  turned  blad[, 
presumably  from  the  escape  of  gas. 

No.  40.  Flows  of  water  were  obtained  at  815, 860, 875,  and  900  feet.  A  stroog 
odor  of  hydrogen  sulphide  is  given  off  from  the  815-foot  level.  Well  flows  from 
several  horizons.  The  surface  waters  stood  at  —80  feet,  but  on  striking  the  815- 
foot  level  the  water  dropped  to  1 19  feet.  This  level  is  not  affected  by  pumping  at 
the  rate  of  300,000  gallons  in  twenty-four  hours.  The  regular  rate  of  pumping 
is  20,000  gallons  per  twenty-four  hours. 

Analysis  of  water  from  815-foot  level,  by  C.  V.  Miller. 

Analysis  of  vxiter  from  Joplin,  Mo, 
[Parts  per  million.] 

SiUca - 7.8 

Ferric  oxide  and  anmionia 4 

Lime 73.8 

Magnesia - _ 27.0 

Potash _ - - Trace. 

Soda -   .- 84.2 

Sulphur  trioxide 29.0 

Chlorine 7.0 

Carbon  dioxide 183.0 

Water  in  combination 37.4 


399.0 

Less  oxygen .- 1.6 

Mineral  mattt»r _ 397.4 

State  of  combination: 

Silica... 7.2 

Ferrous  bicarbonate .9 

Calcium  bicarbonate 213. 4 

Magnesium  bicarbonate. 98. 4 

Sodium  sulphate . . .     ... 51.4 

Sodium  bicarbonate. 14.  - 

Sodium  chloride - 11. 

Potassium  chloride - . Tract' 


Minenil  matter . 397.  - 

No.  41.  Following  is  the  record  of  the  well: 

Hecord  of  well  at  Joplin  (Cart en^i lie) ,  Mo, 

Feet. 

Hardpan 0-  U 

Blueflint ---.    IH- 4: 

Lime  and  flint - 45-  8{ 

Lime ...   - -- - - 80-17' 

White  flint 175-:?0( 

Blue  flint  and  lime--.. 200-24( 


«•. 


V 
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Feet. 

Shale - 340-250 

Blue  flint  and  lime 250-260 

Blue  flint  and  shale... ..  260-;266 

Bine  flint  and  lime 266-272 

Shale ...  272-845 

Flint 345-850 

Lime 350-365 

Green  selvage 865-375 

Limeand  flint 375-378 

Blue  flint ..  378-400 

Lime /. 400-408 

Flint 408^81 

Lime 531-535 

Lime  and  flint 5a>-605 

Lime  and  flint- ..._ 605-609 

lime 609-640 

Lime  and  flint 640-645 

Lime 645-705 

Lime  and  flint 705-715 

Lime 715-800 

No.  42.  Analysis  reported  by  owner  (analyst  unknown). 

Analysis  of  water  from  well  at  Joplin  {Carterville)  ^  Mo. 

[Parts  per  million.] 

ffilica 10.8 

Almnina 2 

Ferric  oxide 1 

Lime 74.5 

Magnesia 12.0 

Soda 82.5 

Snlphnr  trioxide 1.0 

Chlorine 5.0 

Carbon  dioxide. 182.6 

Water  in  combination 87. 8 

856. 0 
Less  oxygen 1.1 

Mineral  matter .  354. 9 

^otal  solids  on  evaporation 263. 2 

No.  48.  First  water  was  obtained  in  a  flinty  material  from  185  to  288  feet.  It 
*^Q6e  to  165  feet,  but  was  cased  off.  Oi)ening8  or  cavities  from  6  to  30  inches  in 
diameter  were  encountered  at  920,  1,300,  1,304, 1,380,  and  1,384. 

In  a  7-lioTir  test  the  flow  from  the  940-foot  horizon  yielded  39  gallons  per  minute; 
*^  a  28-hour  test,  85  gallons  i)er  minute.  The  flow  from  1,387  feet  gave  96  gallons 
PQr  minute  in  a  half -hour  test,  68  gallons  per  minute  in  a  9-hour  test,  and  68  gal- 
*Oiw  per  minute  in  a  23-hour  test.  Diameter  of  well,  13  inches  for  the  first  400 
f*©et.  Cased  with  10|-inch  casing.  From  400  to  1 ,105  feet  the  hole  was  Si  inches 
^^  diameter,  and  from  1,105  to  1,387  feet  6^  inches  in  diameter.  All  materials 
^)^w  12  feet  stand  without  caving. 
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The  following  analysiB  of  water  from  940  feet  is  reported  by  owner  ( 

nnluuiwii): 

Analfna  of  water  from  well  at  Joplin,  Mo. 

[Puts  per  mflUon.] 

SOica . 

FerrooB  oxide 

Lime - 

ICagnesia 

Soda - 

Snlphiir  triozide 

Chlorine 

Carbon  dioxide  in  carbonates 

Total  eolidfl 

Carbon  dioxides  in  bicarbonates 

Water  in  combination 


Less  oxygen 


Mineral  matter  as  in  water 

Trace  of  nitrates.    Water  distinctly  alkaline. 

State  of  combination: 

Silica 

Ferrons  bicarbonate  . 

Calcinm  bicarbonate _ 

Magnesiam  bicarbonate 

Sodimn  bicarbonate 

Sodium  chloride 

Sodium  snlphate 


Mineral  matter  as  in  water 


The  foUowinK  analysis  of  water  from  1,:W7  feet  is  reported  by  owner  i 

unknown) : 

Auulysift  of  latter  from  well  at  Joplin,  Mo. 

[PartB  p«ir  million.] 

Silica - 

Ferric  oxide _ 

Alumina 

Lime 

Magnesia 

Soda - 

Sulphur  trioxide 

Chlorine 

Carbon  dioxide  in  carbonates 


Total  solids 

Carbon  dioxide  in  bicarbonates. 
Water  in  combination 


Less  oxygen 


Mineral  matter  as  in  water ..  .... 

Trace  of  nitrates.    Water  distinctly  alkaline:  dlRtinct  odor  of  suliil 
(hydrogen  sulphide). 
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ate  of  combination  a8  in  water: 

SiUca 10.0 

Ferrous  bicarlwnates 2. 9 

Almnina - .9 

Calcium  bicarbonates 149. 5 

Magnesium  bicarbonate 103.3 

Sodinm  bicarbonate 30. 8 

Sodium  chloride 19. 8 

Sodium  sulphate. . .    _ 21. 2 


Total  mineral  matter  as  in  water 838. 4 

(To.  45.  This  well  was  sunk  to  obtain  water  for  Yx)ilers  and  for  the  mines,  but 
oved  to  be  of  such  excellent  quality  that  four  wagons  are  engaged  in  hauling 
d  selling  it  in  town.    Analysis  reported  by  owner  (analyst  unknown) : 

Analysis  of  water  from  well  at  Webb  City,  Mo, 

fPartH  per  million.] 

Jdum  and  magnesium  carbonate 143. 0 

(iiuin  chloride 5.6 

aminum  and  zinc  sulphate. 21. 0 


Total  solids 169.6 

J^o.  46.  The  following  recortl  is  given  for  this  well: 

Record  of  well  at  Webb  City,  Mo, 

Feet. 

apstone  and  slate  and  sand  l)owlders 0-67 

mestone  and  shine  of  lead . 67-  76 

ae  and  white  flint 76-  77 

aie  and  blue  flint 77-122 

ae  and  white  flint 122-146 

le  and  white  flint  and  zinc  shines 146-160 

nebowlders 160-164 

le  and  white  flint  sand  and  spar  ground  and  soft .     .     .         164-205 

nestone  and  blue  and  white  flint,  hard    .   205-285 

teandshale 2a')-286 

nestone  and  blue  flint 286-846 

nestone 346-401 

lite  sandy  lime 401-421 

ffandspar 421-422 

aylimestone ..       422-490 

neandflint 490-502 

ne  and  flint,  dark  and  zinc  shines 502-507 

ne  and  white  flmt . 507-605 

5wn  limestone  and  whitt^  and  bint*  flint  in  strata 605-794 

ening 794-795 

idy  linfestone 795-835 

16  and  white  lime  and  tuff 835-844 

ening 844-845 

nestone 845-854 
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Analysis  of  water  encountered  in  the  shaft  near  this  well  is  rex>orted  by  owner 
(analyst  unknown): 

Analysis  of  toaterfrom  tpell  at  Webb  Cityy  Mo. 

[Parts  per  million.] 

Perrons  snlphate  .   200.0 

Ferric  snlphate _ 13.1 

Total  iron 213.1 

Total  sulphates 880.3 

This  water  flows  at  the  rate  of  1 .000  gallons  per  minute  and  is  highly  charged  - 
with  iron  sulphate,  which  soo:i  clogs  the  6-iuch  pipe  and  forms  a  cement  binding 
pebbles,  etc.,  into  a  conglomerate,  where  it  overflows  on  the  ground.    Tempera- 
ture, 64\ 

No.  47.  Analysis  reported  by  owner  (analyst  unknown): 

Analysis  of  water  from  well  at  Webb  Cityy  Mo. 

[Parts  per  million.] 

SiUca - ---  3.7 

Iron  and  alaminum  oxides 5.0 

Magnesium  carbonate 47. 1 

Calcium  carbonate 70.8 

Sodium  and  potassium  sulphates 24.3 

Sodium  and  potassium  chlorides 5.6 

Sodium  and  potassium  carbonates 3.7 

Total 159.7 

Organic  matter •. 119.7 


No.  51.  Record:  Soil.  1  foot;  clay,  5)  feet:  brown,  blue,  and  white  *'sand  rock." 
74  feet;  gravel,  3  feet. 

No.  52.  Thi.s  water  is  known  as  the  Lebanon  Magnetic  Water.  Analysis  by 
F.  W.  Clarke: 

Afidlysis  of  water  from  ivell  at  Lelmnon,  Mo, 

\  Parts  iier  million.  ] 

Silica-. - - 11. • 

Alumina -                    - II.  *-^ 

Sodium  chloride .   .    Trac*^' 

Magnesium  snlphat  •      ...        . . 0.  < ' 

Ferrous  carlxmate             ......  Trac^ 

Calcium  carbonate . 81 .  'J 

Magnesium  carbonate . .   .  52. 0* 

Sodium  oarl^onate.    .   . .  -  _ .  29. 0  ^ 


Total  solids. :..   1N2.7I 

Free  carlx)n  dioxide . - .      .  ,    70.  OO 

No.  W.\.  A  diamond  drill  boring  for  coal  is  (!()ntemplated. 


SMITH.] 


VI8S0UU. 
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Record  of  well  at  Concordia,  Mo, 


Material. 


Thicknt»«. 


Feet. 


Black  gronnd 

Yellow  clay 

Bine  shale 

Blue  shale  and  bowlders. 

Light  shale 

sandstone  (6  inches) 

Liimestone 

31ack  shale  (slate) 

>)al 


8 

6 

9 

6 
o 


Aght  shale 

i^ight  shale  with  sandstone  bands. 

lard  light  shale 

limestone - 

Joft  light  shale. 


5 


1 
4 

7 
12 

2 
10 


D<^pth. 
Feet. 

0 

18 
24 
26 


29 
34 
85 
39 
46 
58 
60 
70 


No. 55.  Analyses  of  two  of  the  wells,  known  as  the  "  Lagrange"  and  *'  Wya- 
xmda,"  are  reported  by  owner  (analyst  unknown) : 

Analysis  of  water  from  Lagrange  well  at  Lagrange,  Mo, 

[Parts  per  million.] 

5odium  snlphate 157. 7 

50dium  chloride 5, 482. 4 

^otassinm  carbonate 106. 0 

Jodium  carbonate 2. 5 

^Icinm  carbonate 612. 8 

«Iagnesinm  carbonate _ 351 . 1 

Unmina 1.6 

'erric  oxide .  Trace. 

ilica ._ 49.4 

ree  carbon  dioxide 287. 5 


7,051.0 
•ess  carbon  dioxide  escaping 803. 9 


Solid  contents 0, 747. 1 

Absolntf  ly  free  of  organic  matter. 

Analysis  of  iixitt*r  from  Wyaconda  well  at  Jxigrange,  Mo. 

[Parte  per  million.] 

Odium  chloride 4, 904. 8 

lagnesinm  sulphate 439. 6 

^Icinm  snlphate 996. 0 

^n  bicarbonate- . . 4.2 

Klica - 40.4 

^ithia - Trace. 

Potash -  -   .   - - Trace. 

JVee  carbon  dioxide . . 259. 7 

Organic  matter - None. 
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WATER  SUPPLY  OF  LIVINGSTON  COUNTY,  MO. 

By  R.  Hawkins. 

Livingston  County  is  traversed  by  Grand  River,  the  east  and  west 
forks  of  which,  coming  from  the  north  and  west,  unite  near  the  center 
of  the  county  to  form  the  main  river,  which  flows  to  the  southeast. 
This  river,  with  Medicine  Creek,  Shoal  Creek,  and  other  tributaries, 
furnishes,  when  accessible,  an  abundant  supply  of  water  for  all  pur- 
poses except  irrigation.  The  rocks  of  the  county  belong  to  the  Coal 
Measures  of  the  Carboniferous  period,  their  thickness  varying  from 
300  feet  or  less  in  some  places  to  500  feet  or  more  in  others.  In  other 
large  areas  the  eroded  rocks  are  deeply  covered  by  glacial  till  or  by 
clays  and  sands.  The  greater  portion  of  the  rocks  are  included  in  the 
middle  Coal  Measures,  but  there  are  small  areas  in  the  west  and  north- 
west where  sections  of  the  upper  Coal  Measures  may  be  seen.  It  is 
doubtful  if  any  of  the  lower  Coal  Measures  are  represented  in  this 
part  of  Missouri.  Throughout  nearly  the  entire  county  and  in  the 
adjacent  regions  the  Coal  Measures  are  characterized  by  a  bed  of 
porous  gray  sandstone,  20  to  70  feet  in  thickness,  which  is  replaced 
by  a  black  congloraeritic  mixture  of  clay,  sand,  and  bituminous 
matter.  This  bed  yields  an  abundant  flow  of  saline  water  except 
at  a  very  few  points.  The  water  from  this  bed,  even  in  widely  sepa- 
rated localities,  is  very  uniform  in  character,  carrying  about  400  grains 
of  salt  to  the  gallon,  with  small  quantities  of  iron  and  other  minerals. 
Its  pressure  is  sufficient  to  cause  it  to  rise  to  altitudes  of  from  725  to 
740  feet.  Below  this  level  it  flows  sluggishly.  It  would  probably 
afford  a  very  large  supply  of  water  if  systematically  pumped.  The 
water  is  considered  by  stock  raisers  to  be  well  suited  to  their  needs. 

Below  this  sandstone  there  are  several  other  horizons  which  occa- 
sionally yield  water  of  similar  character,  but  wliether  the  beds  are 
water  bearing  throughout,  or  whether  the  water  is  confined  to  more 
or  less  definite  channels,  is  unknown.  With  the  exception  of  a  supply 
obtained  from  the  St.  Peter  sandstone,  however,  the  waters  are  from 
limestone  and  the  distribution  is,  therefore,  likely  to  be  somewhat 
irregular.  Other  porous  beds  of  the  Coal  Measures  sometimes  yield 
water  in  the  sj^nclinal  basin,  but  the  quantities  are  not  great  and  the 
water  does  not  generally  rise  much  above  its  immediate  source.  The 
quality  of  these  waters  varies  greatly.  Much  of  it  is  strongly  impreg- 
nated with  iron  and  sulphur. 

The  drift  is  yery  thick  at  many  points,  especially  in  the  Grand 
River  and  oth<'r  yalleys.  In  the  immediate  vicinity  of  Chillicotlie  it 
is  from  100  to  150  feet  thick,  with  sand  and  gravel  beds  00  feet  or 
more  in  thickness  and  saturated  witli  water  at  the  bottom.  The  water 
of  these  beds  does  not  rise  above  its  immediate  source  when  pene- 
trated by  wells,  but  large  quantities  could  be  obtained  by  pumping. 
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records.^ — The  following  are  the  records  of  a  number  of  wells 
borings  sunk  by  churn  drill  in  Livingston  County,  as  reported 
ractors,  drillers,  and  owners. 

Salt  water  sand  at  base  of  Coal  MeaHures,  325  to  345  feet;  snb-Carbonifer- 
tone,  345  to  406  feet. 

Record:  Coal  Measure,  shales,  etc..  351  feet;  sandstone,  20  feet;  tarry 
eet;  sandstone,  10  feet:  hard  limestone,  probably  sub-Carboniferous,  14 
tal  depth,  400  feet. 

The  following  record  is  given  for  this  well: 

Record  of  well  at  CavendMh^  Mo, 

Ay 

»w  sandstone 

ored  shales .  . 

glomerate 

lie 

;-gray  shales 

e,  with  6-inch  coal 

ored  shales 

be - 

le - 

greenish-gray  shale  (caves) 

le,  with  broken  coal  seam 

e - 

le - 

smut " 

»urple  clays,  with  coal  i)articles 

»  sandstone,  rounded  grains 

id  shales  (saline  water  at  406  -\-  feet) 

mglomerate  (saline  water) 

Eistic  fire  clay 

al  and  fire  clay,  gray  to  purplish 

ite  flinty  limestone 

te  limestone,  with  flinty  layers  and  a  soft  white  substance 

m?) ,  not  a  carbonate 

e,  fire  clay,  slates,  and  pebbles  (saline  water) 

ky  limestone 

][uartzite  sandstone,  shale,  etc 

lies  - 

y  gray  calcareous  material 

id  blue  calcareous  shales  and  flint 

y  gray  calcareous  material 

istic  to  hard,  joint  clay  (caves) 

nestone 

jrdraulic  "  limestone 

;  white  limestone 

I  mealy  limestone  (saline  water) 

[le  limestone 

>8tract  records  are  hero  given,  the  detailed  descriptions  of  the  wells,  the  correlation 
s,  and  the  consideration  of  the  structure  and  its  relation  to  water  supply  being 
>r  future  discussion  in  connection  with  the  report  on  artesian  wells  of  Missouri. 


Feet. 

0- 

30 

30- 

45 

45- 

56 

56- 

58 

58- 

61 

61- 

130 

130- 

133 

133- 

190 

190- 

194 

194- 

230 

230- 

238 

238- 

251 

251- 

252 

252- 

297 

297- 

300 

300- 

348 

348- 

351 

351- 

430 

430- 

442 

442- 

452 

452- 

481 

481- 

484 

484- 

522 

522- 

584 

584- 

596 

596- 

602 

602- 

616 

616- 

636 

636- 

645 

645- 

714 

714- 

762 

762- 

766 

766- 

769 

769- 

800 

800- 

846 

846- 

854 
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Dark  impure  limestone  (saline  water) 854-   881 

Fine  yellowish-gray  lime  sand _ 881-   906 

Light  to  dark  gray  limestone,  with  some  yellowish  sand 906-   917 

Gray  to  orange  sandstone,  with  some  lime  (gas) 917-   988 

Lime,  with  black  organic  matter 982-  990 

Limestone,  with  gray  sandstone  at  top 990-1,065 

Fine  brown  lime  sand,  with  pyrite,  etc ^ 1, 005-1,076 

Hardquartzite. 1,076-1,096 

Pure  white  sand,  with  saline  water  (caves) 1, 096-1, 101 

No.  61.  This  well  is  in  characteristic  Coal  Measure  materials,  the  last  22  feet 
being  black  shale.  The  rocks  in  the  vicinity  dip  8°  to  the  northeast.  Medicine 
Creek  in  this  vicinity  seems  to  follow  a  synclinal  trough. 

No.  63.  Record:  Unrecorded  Coal  Measure  rocks,  849  feet;  coal  (4^  feet), 4  feet; 
shale,  16  feet;  coal,  4  feet;  shale,  22  feet;  light  porous  sandstone  (abundant  saline 
water) ,  79  feet. 

No.  64.  Record:  Unrecorded  Coal  Measures,  with  4  limestjne  beds  from  6  to  8 
feet  thick,  392  feet;  sandstone  (abundant  saline  water) ,  33  feet;  black  shale,  8  feet 

No.  65.  Record:  Drift  and  Coal  Measures,  361  feet;  sandstone  (saline  water), 60 
feet;  total  to  sub-Carboniferous  limestone,  421  feet. 

No.  66.  Record:  Clay,  108  feet;  shale  and  sandstone,  92  feet;  soft  black  clayey 
shale,  50  feet;  black  sandstone  (saline  water),  25  feet. 

No.  68.  Following  is  a  record  of  this  well: 

Record  of  well  at  sec,  2^,  T.  56,  R.  e£. 

Feet 

Clay O-80 

Coal  Measures 320483 

Sandrm^k 18400 

Light-gray  limestone .   1OO-500 

Bluish-gray  limestone 90-590 

Yellowish-gray  limestone    1 10-700 

But  little  water.     Sand  rock  nearly  impervious. 

No.  71.  Record:  Unrecorded  Coal  Measures.  300  feet;  sandstone  (saline  water). 
35  feet;  sub-Carboniferous  limestone.     A  34-foot  coal  was  rei)orted  at  149  feet. 
No.  74.  Following  is  a  record  of  this  well: 

Record  of  T.  1\  IAIc'h  irell  at  IMieelingy  Mo, 

Fent. 

Clay 8 

Yellow  sand  rock  ... 50-  '''9 

Blueshale. 30-^ 

Gray,  fine-grained,  ver>' hard  siind  rock  .      .    .    130-219 

Shales  with  4  thin  coal  seams . . . :U)-249 

White  sand  r( K-k,  about ...    S(\-^^ 

No.  TC).  The  depth  to  the  sandstone  containing  saline  wat^r  was  272  feet.  Tb^ 
well  only  entered  this  rock  6  feet. 

No.  77.  Record:  Soil,  16  feet;  limestone,  blasted,  20  feet:  limestone,  drille<l,  205 
feet.  The  limestone  (!ontained  a  few  layers  of  clay  or  shale  from  12  to  SO  inched' 
in  thickness. 
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No.  78.  The  following  record  is  given  for  this  well: 

Record  of  well  at  Hannibal,  Mo. 

Feet. 

Ml  and  clay 41 

bales,  limestone,  and  hard  water 154-    195 

Ine  limestone 105-    800 

iackslate 33-    333 

alt-water  sand 14-    847 

olid  limestone 254-    601 

Gneral-water  sand 06-    697 

limestone  and  shales' at  intervals 253-    950 

laid  limestone 50-1, 000 

Hiitesand 5-1,005 

dmestone 50-1, 055 

oft  limestone  and  sand  at  intervals 150-1, 205 

oft  white  sand 10-1,215 

[ard  white  sand 10-1,225 

liaracter  of  strata  not  reported 115-1,340 

No.  83.  Below  is  the  record  of  this  well: 

Record  of  well  at  Eldon,  Mo, 

Feet. 

Wl,  clay,  and  gravel 1-    7 

Hay  and  bowlders 7-  30 

imestone  (first  water) 80-  89 

^estone  (second  water) 89-125 

Flint - 125-180 

Lime 180-370 

Magnesia 370-380 

White  sandstone _.. 380-420 

White  flint 420-460 

Bhielime .-. 460-510 

Gray  granite 510-540 

Blue  lime.. 540-^60 

Very  fine  white  sandstone . 560-590 

White  impure  limestone 590-595 

No.  86.  This  water  is  strongly  impregnated  with  salts  of  magnesium,  iron,  and 
calcium  in  the  form  of  carbonates,  sulphates,  and  chlorides. 
No.  88.  The  following  record  is  given  for  this  well: 

Record  of  well  at  Sniithton,  Mo. 

Foot. 

YeUow  soil  and  clay 20 

Yellow  lime . .  - 15 

Blue,  gray,  and  black  lime,  respectively 75 

Cotton  rock  (soft  white  limestone)  .    65 

Sand,  8  inches  (fine  water) 

Cotton,  flint,  and  gray  lime,  re8i)ectively 23 

White,  gray,  and  black  gravel 16 

Very  dark  lime  and  flint 15 
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No.  89.  Analysis  reported  by  owner  (analyst  unknown) : 

Analysis  of  ivater  from  well  at  Louisiaruiy  Mo, 

* 

[Parts  ];>er  million.] 

Lithium  bicarbonate 80.1 

Sodinm  bromide 44.0 

Sodium  bicarbonate 57.5 

Sodium  chloride 7,028.3 

Magnesium  bicarbonate 172.7 

Magnesium  chloride 669.3 

Potassium  chloride 31.9 

Calcium  bicarbonate 175.0 

Calcium  sulphate 1, 240.0 

Silica .4 

Hydrogen  sulphide  (gas) 477.3 

Carbon  dioxide  (gas) 804.1 

10,725.6 

Less  gas  escaping _ 1,281.4 


Fixe<l  residue. 9. 544. 


No.   90a.   This  is  a  characteristic  water  of  the  Hannibal  shales.  Analysis 
reported  by  owner  (analyst  unknown) : 

Analysis  of  water  from  well  at  Oraydon  Springs j  Mo. 

[Parts  -per  million.] 

Sili-.a  (SiO.,).. 5.8 

Alumina  (Alpa)  . .3     ' 

Ferric  oxide  (Yefi^) _ 1.4     j 

Lime  (CaO) 242.4 

Magnesia  (MgO) 119.0 

Potassa  (K,0) _. Trace. 

Soda  (Na,0)..- 25.9 

Chlorine  (Q) IT-S 

Sulphur  trioxide  (SO3) - --- - JJOT.'^ 

Carbon  dioxide  (CO.) 327.5 

Water  in  combination  ( H^.O) _ 67.  t 

1,114.9 

Less  oxygen  ( O) .     . - .  2. 4 

Mineral  matter _ 1, 112.  •> 

State  of  combination: 

Silica  (SiO,) 5.^ 

Alumina  ( AI.Oj) 

Calcium  bicarbonate  (CaH,(C03),) --.     - 600.^^ 

Calcium  sulphate  (CaSO,)  B5.  ^ 

Magnesium  sulphate  (MgSO^)- .. i\^^- 

Ferrous  bicarbonate  (FeH,(C03)2)  ^Z 

Sodium  sulphate  (Na,SO,) 'i^<^''l 

Sodium  chloride  (NaCl) 1  ^- ^ 

Mineral  matter _ 1,105' 
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• 

ttate  of  combiiiation — Continned. 

Oxygen  for  (FeO) _ 0.14 

Free  ammonia .  .2 

Albuminoid  ammonia 3.1 

Oxygen  consumed    .  .-r .7 

Chlorine 10.4 

Nitrite Trace. 

Nitrate _ None. 

Temporary  hardness _ 335. 0 

Permanent  hardness 326. 0 

Total  hardness.. 660.9 

Suspended  matter  (largely  SiO,) 91. 9 

No.  91.  Another  well  in  the  town  of  Jackson  is  165  feet  deep,  and  quite  a  num- 
er  in  the  surrounding  coxintry  from  60  to  130  feet  deep. 

No.  92.  Bock  was  encountered  at  about  12  feet,  and  from  there  on  to  the  bottom 
i  said  to  have  continued  in  white  limestone. 

No.  95.  The  water  is  said  to  contain  17  grains  of  carbonate  of  lime  to  the  gallon, 
ith  little  or  no  other  materials,  except  traces  of  sulphur  and  iron. 
No.  95a.  Analysis  reported  by  owner  (analyst  unknown) : 

Analysis  of  loater  frcnn  toell  at  Nelson j  Mo, 
[Parts  per  million.] 

Qica - -- - - 9.6 

hlorine _ 1,240.6 

ulphur  trioxide 117. 0 

^bon  dioxide _ 274. 1 

ime - --- - 116. 1 

hgnesia -.. 60.2 

'Otassa 3.5 

loda..._ .- 1,128.6 

ithia 7.7 


2, 540. 5 
Less  oxygen  and  carbon  dioxide. 417. 0 


Mineral  matter 2, 123. 5 


State  of  combination: 

SiUca- 9.7 

Magnesium  sulphate  _    55. 3 

Sodium  sulphate. 142. 7 

Potassium  chloride 5. 6 

Sodium  chloride 2, 010. 8 

Lithium  chloride 21. 8 

C^cium  bicarbonate 298. 5 

Magnesium  bicarbonate  _ .  _ _ 133. 3 


2, 677. 7 
Less  carbon  dioxide  escaping  on  l)oiling 137. 2 


Fixed  residue 2, 540. 5 
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No.  102.  There  are  several  Kimilar  wells  used  for  boiler  and  public  piuiKMnit 
the  orphans'  asylum,  etc*. 

Record  of  well  near  Warrenton,  in  8€C,  SS^  T,  47  N,y  R.  S  H'. 

Feet 

Drift  clays 0-80 

Chert,  clay,  gravel «0-  96 

Yellow  limestone d6-110 

Gray  limestone 110-130 

Soft  gray  limestone 120-130 

Darker  and  harder  limestone .    . 130-140 

Soft  white  limestone    _ 140-146 

Sandy  limestone - 146-147 

Light-gray  limestone 147-160 

Bine  clay 160-2fiO 

Gray  limestone 200-308 

Soapstone 30&-3.>2 

St.  Peters  sandstone  (not  passed  through) 352-400 

SPRINGS. 

Throughout  tlie  drift  regions  of  uortliern  Missouri,  springs,  while 
fairly  abundant,  are  not  of  large  size  and  are  more  or  less  subject  to 
failure  in  times  of  drought.  There  are  in  the  valleys  in  this  area, 
however,  some  large  saline  and  other  mineral  springs,  some  of  which 
have  been  developed  into  health  resorts.  Of  these,  the  Excelsior 
Springs  of  Clay  County  are  i)erhaps  the  best  known.  The  McAllister 
and  Big  Salt  springs  of  Saline  County  and  the  large  salt  springs  of 
Howard  County  are  representative  of  the  brine  springs  of  the  Coal 
Measures.  Mineral  springs,  including  those  containing  alum,  sul- 
phur, p]psom  salts,  ferrous  sulphati',  etc.,  are  found  in  15ates,  Ver- 
non, and  Barton  counties.     Thev  are  derived  mainlv  f rom  the  Chero- 

/  ft  •. 

kee   shales.     Mineral   si)rings    from    the    Hannibal   shales   occur  at 
Bowling  Green. 

In  the  (Mystallinc  rocks  of  the  8t.  Francis  dome  the  springs  are 
rare,  but  in  the  Silurian  and  Carl)onifer()us  limestones  which  surround 
the  dome  and  extend  for  considerable  distances  northward,  west- 
ward, and  southward  there  are  immense^  springs.  Bryce  SpriiijL'. 
Dallas  County,  yi(dds  l(;i,.5C,8,()()()  gallons  per  day,  the  Ha  Ha  Tonka 
Springs  of  Camden  County  yield  158,082,000  gallons  i)er  day,  th^ 
Greer  Springs  of  Oregon  County  yield  42,000  cubic  feet  per  minute 
the  Meramec  Springs  of  Phelps  County  yield  7,400  cubic  feet  \>^ 
minute.  The  Double  Springs,  Ozark,  Waynesville,  and  Pulaski,  i^ 
Miller,  Crawford,  and  ]\Iorgan  counties  art^  also  very  large.  Severn 
towns  and  cities  obtain  supplies  from  springs  in  this  region.  K 
springs  are  found  in  the  bottom  lands  of  the  Mississippi  River. 

The  larg(»st  and  most  ])opular  resort  in  the  State  is  Excelsior  Spring? 
in  Clay  County,  a  beautiful  little  city,  lighted  by  electricity  and  witi 
a  good  sew(5r  syst^^m,  fine  hotels,  bath  houses,  an<l  ample  pleasur 
grounds,  all  of  which  have  been  developed  since  the  discovery  of  th 
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i^riDgSy  in  1880.  The  two  most  important  of  the  springs  here  are  the 
tegent  and  Siloam,  both  ferromanganese  waters,  which  have  their 
onrce  in  the  Coal  Measures  shales.  In  "the  Regent  Spring  the  man- 
;anese  bicarbonate  (0.9821  grain  per  gallon)  aids  in  the  assimilation 
Q  the  human  system  of  the  ferrous  bicarbonate  (3.4376  grains  per 
allon).  Two  drill  wells,  the  Sulphosaline,  1,460  feet  deep,  and  the 
altrsulphur,  1,370  feet  deep,  have  been  sunk  in  the  vicinity,  furnish- 
ig  sulphosaline  waters,  which  are  a  fortunate  combination  with  the 
srromanganese,  as  they  counteract  the  astringent  properties  of  the 
itter.  The  Regent  and  Sulphosaline  waters  are  carbonated  and 
iipped  to  all  parts  of  the  country.  The  similarity  of  these  waters 
)  those  of  St.  Moritz  and  Mont  d'Or,  in  Switzerland  and  France,  has 
een  shown. 

Among  other  noted  chalybeate  springs  in  the  State  are  Pertle  Springs, 
I  Johnson  County;  Eldorj^o  Springs,  Cellar  County;  Randolph 
prings,  Randolph  County;  White  Springs,  Madison  County;  Jjcbanon 
[agnatic well,  Laclede  County;  and  Paris  Springs,  Lawrence  County. 

Of  the  alkaline  waters.  Panacea  Spring,  in  Barry  County;  the 
Windsor  Springs,  Henry  County;  Climax  Springs,  Camden  County; 
iloam  Springs,  Howell  County;  Plattsburg  Spring,  Clinton  County; 
iusenbury  Spring,  Jackson  County;  the  artesian  well  at  Clinton, 
[enry  County,  and  the  Nevada  well,  Vernon  County,  may  be  men- 
ioned. 

Of  the  sulphatic  waters,  the  B.  B.  Spring,  of  Pike  County,  carrying 
69  grains  of  saline  matter  to  the  gallon,  of  which  475  are  magnesium 
alphate,  or  Epsom  salts,  and  the  Lineville  mineral  well,  in  Mercer 
Jounty,  carrying  180  grains  of  sodium  sulphate  to  the  gallon,  are  the 
lost  prominent. 

Of  the  muriatic  waters,  Sweetsprings,  in  Saline  County,  was,  until 
!ie  burning  of  the  large  hotel  there  a  few  years  ago,  one  of  the  most 
opular  resorts  in  the  State.  A  considerable  quantity  of  this  water  is 
ow  carbonated  and  shipped.  ^McAllister  Springs,  in  the  same  county, 
I  rapidly  becoming  a  health  resort.  The  Montesano  Springs,  in  Jef- 
3rson  County,  and  the  Belcher  artesian  well  in  St.  Louis;  the  Mone- 
aw  Springs,  of  St.  Clair  County;  the  Spaulding  artesian  well  in  Ralls 
•ounty,  interesting  as  one  of  the  oldest  artesian  wells  in  the  country, 
laving  been  sunk  in  1823;  the  Brunswick  deep  well,  in  Chariton 
!)ounty;  the  artesian  wells  in  Henry  County;  the  Sulphosaline  well  at 
Excelsior  Springs,  in  Clay  County,  already  referred  to — all  are  types 
of  this  group. 
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Miscellaneous  a 

[Re 


No. 


] 

2 

♦8 

4 


•6 

7 

8 
9 

♦10 

11 
12 

♦18 

U 
15 


CJonnty. 


Barry CasBville 


Town. 


.do I  Exeter 

.do Washburn 


Barton '  Liberal 


.do 


.do 


Owner. 


City 


Jes8.Talbert. 
T.  H.  Hickcy . 
Mrs.  Bray 


Benton.. 
Caldwell 


Warsaw 


Jas.  A.  Clark  '.*t  al 


Kingston '  Jno.  Palmer 


Camden Coelleda i  J.  W.  Long 


.do I  Climax  Springs  .i  A.  R.  Jackson 


.do 


.do 


Habatonka R.D.  Kellopg 


Locality. 


o 


a 


23 


27 


22  I  28 
33  I  33 


32  ,  S^ 


0 
Q 


Tem- 
pera- 
ture. 


Qualit; 


41 
56 

38 
39 

37 


Springvalley 


J.  W.  Franci»tu> '  :« 


Carroll CarroUton ,  Hugh  K.  Ren  ot  al . . .  I  53 

>                                 I  ' 

Cedar Eldorado  Springs  City ,  m 

do i  Jorico '  Town 


23 

28 

17 
19 

17 

19 
23 

28 


.W  I  Hard,  snip] 


23  ; Soft.  gas. 

'     line 


( 


30 


6 


44 


31  '  Cool. 


I 


21 


.do 


Stockton I  J.  K.  Ward 


1«  I  ChriHtian  .     Billings i  R.  H.  .Ton<»s 


17  , do Brun.swi<*k. 


1« 


do I  ( )7Jirk '  J .  ( '.  R<  >^ors 


2:  I  21 


♦20  I  Clay I  Excelsior  Spring    Exci'lsior  Sprin^'-'^ 

!  1  ;      Litliiu  Water  Co. 


21 

22 

'Si 
24 


.do 

do 

do 
do 


.<!(» '  MuMc  Hall  R'lths. 


do B'xcrNior  Sjji'inf^s 

I      Bottlinj;  (  o. 

.  do do 

do   do 


24 


Hard 
Soft. 


Pure 

Soft. 
Salty 


Iron,  suli 
magnesij 

Mineral.. 
Hard 


do    <lo To 

2li  '  Clinton Cameron '  I).  J.  O'Connor. .'t<-  

♦27    do Platt.sburj^ >  PlattMburj;   MiiuTul     .m     :t.»     'Ai 

Springe  Co. 

♦28     CoopcT Boon  ville    i»  |  E.  A.  Windsor 

'  miles  from).      ; 


29 


do Pilotgrove 


♦:*)  '  Dallas ,  Brice 


Chouteau  Springs..,    l«i     4M     is 
W.  S.  B<MJTiett :{4      IS       1 


Hard 

Lithia.    .. 
Salt,sulp]i 

Ferro-nia 
nes«'. 

do_     . 

Sulpho-sjil 

Mine  ml 

Hard 

Mineral 

...do... 

do.... 

Hard 


31  I  Dekalb |  Amity 1  .Tas.  Ewart. .. 

32  I  Dent I  Lake  Spring i  A.C.  Dorman 


;tt  1 


:i 


Soft,sul]»li 
Soft 


•See  notes  at  end  of  this  table. 


mssouxi. 


419     ' 


Tohime  ( 
hidicsto 


Qte). 


IbOLJ 


IDO 

Mbderate 


r^. 


amai 


13I,(U0. 


QoofMaedbrodk 
Httch  pipe , 


flnai 


Bofvnl .... 


Material  from 
whioh  mpring  Ib- 


ISToifirom  rock 
Flint  and  day. 


Sandstone  soU. 


Hard  Une  clay 
If oi  from  roclc. 


LJmeefconei'ave. 
Limeetone 


River  from  lime- 
Btooe  bluff. 

Ltmeatone  inyalley 

Rook? 


Sandatone 


Hot  ftom  rock. 


.do 


SO. 


Uiies. 


Domestic  supply  for 
part  of  town. 


Remarks. 


Domestic,  farm,  dairy. 
Not  Tiued 


Domestic 


Park  with  other  springM 
one-half  mile  distant. 

lasnesasastream 

Medicinal  properties 


No. 


Medicinal 


Dome6tic  ... 
General  use. 


Resort,  mill  power 

Drinking,  medicinal . . 

Medicinal,  bathing, 
drinking. 

Large  resort,  medici- 
nal. 

Medicinal 


Scnm  with  odur  of  i>etro- 
leom. 

On  pnblic  road;  piped  to  I 
residence  of  J.  o.  Pet-  | 
gen:  one  of  the  Yery  few  '■ 
springs  of  the  c;ounty.     ' 

Medicinal  properties 

Contains  iron,  magneslnm, 
and  organic  matter. 

Mnddy  after  rains 

Muddy  after  rains;  large 
hotel  near. 

Bmall  hotel  near  spring. . . 
Thirteen  springs  in  valley 


Qeneral  use. 
Railroad 


Parks,  hotels,  etc.,  near 
spring. 

Parks  near  spring:  known 
as  "  Fonntifin  of  Youth." 

Muddy  after  rain 


Stream  from  lime-  \  Ci'ty  mipply 
stone  cave. 

Medicinal. 
Bathing... 


Pumped  throufch  B  miles 
of  pipe  U>  railroad. 

Salt  and  sulphur  springs 
aloni(  creeks  8  miles 
north. 

City  of  l,na)  inhabitants. . . 

Exfelsior  Springs  Lithia 
Water. 

Used  in  plain,  Russian. 
Turkish,  vapor,  and 
mud  baths  (well). 


Medicinal Rt»gent  Spring. 


Big  flow Issues  as  a  stn^nm. 


do 
.do 


2 

•8 

4 


MtHlicinal  Ixjvoruges 
Stock 


Not  from  rock '  Medicinal 

' do.... 

I 

...: ' do 


Cavern     in    lime-  ,  iiuus  mill 
stone.  i 


*6 

7 

8 
9 

♦10 

11 
18 

♦18 

14 

15 
16 

17 

18 

♦20 

21 

22 

Siloum  Spring 23 

SulphoHalinf* spring ( well  |      24 
1,4<«  foot  deep).  I 

Sotcrian  Spriniar '. ;     25 

'      26 

HotelH  and  cottagoH  near  |    ♦27 
spring. 

Hotels,  etc.;  health  resort.  |    ♦28 

Numerous    common  I      29 
springs. 


Muddy  after  rain . 


Notfromrock Stock Formsastream 


Sand 


Domestic,  stcx^k 


Pumped  to  small  reservoir 
by  hydraulic  ram. 


♦.30 

31 
82 
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Omnty. 

— 

Owner. 

LoaUity. 

K 

Qtl.my. 

Ho. 

i 

1 

1 

DongliB... 

Fnuiltlin.. 

Ghjutrr—., 

Coldi^rtiir 

in 

la 
1 

*) 

80 

a* 

SB 

s 
le 

10 

Gold. 
Cold. 

Nominanl 

FriK»B.B..le«i««... 

« 

Alh«ny 

Hard,  mliiiiiir- 

Soft.  Iron 

Hart,  iron 

Mlnei»l 

do - 

Biiline.  mlidmr 
Iran,  nilpbnr.. 

Soft 

H»id — 

KlntTOl 

do - 

lira.  Alice  Zmw 

Henry.... 
do 

Hidt 

. — to 

._-*. 

Howard.... 
Howoll 

do 

Iroo 

HoDtroM „ 

ForatCity 

MomidCtty 

•W 

Wm.  BuikB  Kstmte  .. 

i 

in 

TuderenloT  Batato. 

tt 

S8 

te 

•48 

B.B.Hc,D<mTmoii... 

K 

10 

M 
ao 
« 

to 
Cold. 

M 

Unknown „ 

L.  D,  McElroy.  man- 
»gor. 

•*T 

do 

do 

Kim™  City 

Le«iSnmnilt_... 
C^thBge 

BMtHoILlw..__. 

•U 

» 

Cold. 

*B0     Jumer 

H«rd.pnn._..- 

M 

<U. 

do 

—.do 

ra«rlm  Mialng  Co .. 

J7 

» 

* 

Cold. 

Soft 

do - 

BboBlCreuk 

Huowfii-rinin.... 

KnoiClty 

Wellington 

i;hw»iKiak". 

CtarkHin._, 

Mari»nvllle 

MooDtVcrnoD... 

Pion-oGlty 

etottoOity 

Unknown  (Suprtagi)) 
Burnww,       Viindei^ 

1 

Iron.  mlphll^-■ 
8Uty.Bull.hnr- 

Cold. 

6T     L«fliy.,Mn-- 

M 
M 

s 

,. 

I  I   Smith 

. 

Unknown _.  ._ 

HlniMiir7A.CotLiiT 

County 

„ 

*<  av  25 

»: a.    .... 

I™.™lphur.- 

«  -.—do 

E.H.Btotts 

ER 

SH 

KG  ,  Cold. 

So(t 

^rr  min- 

c>teiiutrs<m«. 

Dm. 

Bemu-ka. 

No. 

Domartic _... 

Do^...-. 

Yellovlrh    [1epoi>lt    at 

Bl.riiig, 

tied. 

»—-- 

«m..... 

Bnmtbnvk 

Pool  of   Biloam:    KiuiitB- 

Park,  take.pi.mU-Bro'lQd- 
BaUl  kouiwat  BpriBB ..  __ . 

^rk,  PW.       ■       "    '  '' 

•M) 

Medioin»l,l.tlilng__._ 

fp" 

0™er»!.roedirii«l._. 

MwliHnal,  Bl.'..__ 

Mndlrln*! 

Hnnw-  Mto'lt.  eU-ctrli-- 
light  plant. 

Lwntednoar-OWBloo 

Hotel,  fottuBBL    ete„   at 

•prlngiPfciraoDtPttrltl, 

JackHin  Lilhia  Spring .... 

Medicinal  qualill™ 

fflUBUjek 

tW  ton  wood  Hpring 

., 

Limmtonn 
.'  Wliili- wnrf 
.'  Kandxtunu 


I  ." 


Buol  bluff l>jmeatii,-,utc I  ll«dlcliial.. 
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Mi9oettaneou8  spring  n 


No. 


*«6 


87 

68 
69 


CJounty. 


McDonald 


.do 


.do 
do 


Town. 


AnderHon 


Owner. 


Saratoga . 


Chapman  Bros. 


Town 21 


Locality. 


& 


22 


Southwest  City..   William  Ray 

do !  A.J.Sandora !  21 


•70  I  Marios 


71  i  Marion. 


•72 

73 

♦74 

•75 

♦76 

77 
♦78 

71} 


Morcer. 


Vichy I  G.W.Clymer 39 

1  i 

Palmyra '  City '... 

Lineville M.B.Haver&  Son 


I  I 

Montgom-     BigHpriug '  MissL.Snothon I    4 

ery. 

Morgan '  Gravois [  Awi  "Weljster \  41 


Newton . 
do.. 


NeoAho 

Newttmia. 


do Spring  City. 

Oregon 1  Alton 


City ;  24 

Mrs.M.E.CiraveH....   25 


St.  Paul  Mining  Co  . 
(4nM»r  &  Mainpri8(i . 


8. 


88 

[33 
[34 
34 
34 


12 


1- 

17 
84 


12 


Tem- 
pera- 
ture. 


56 

45 

50 
57 

52 


5 
17 
31 
31) 


2»^     Xi 
24       4 


.do 


ManySpringH '  J.H.Johnson '  2:^  i    \\ 


♦W)     Piko Bowling  <4nM'n  .  ;  H.  B.  Minoriil  Spring  !  TvJ  \    W 

Co.  I 


•HI 

♦82 


lo 


.do 


lo 


J.K.Stov.'ns I  'k^ 


27 


19 
19 


40 
56 
57 


10?  1 


<1 


<io 


d 


o 


54 


...do '  ElkLirk I  J.D.McCune 

♦H4    ...  .«lo Spring<lul«' i  E.N. Edwards 

♦85     Plat t*' Parkvill« >  R.  B.  Engh-man 51  \  .'M 


Qnalit 


Medium. 


.do.... 


Soft.pmv 
Soft 


Hard. 
do 


Hard 

do 

Soft 

Medium,  ii 


Soft 


IIar<l.ir»>n 
Mineral .. 

do.... 


.» 


m 


do I  western '  CI.H.  Shawlian '>.*{  I  \V\ 


W 


02 


87     Polk '  Bolivar '  City 

♦88     Pulaski '  Waynosville '  Frank  Gnty. 


89     Rails Elk  Lick  Springs 


90    do 

91  liandolph . . 


Rensselai'r  (4 
miles;. 

Huntsville 


92   do do 

93   do Randolph  Springs 

♦94     St .  C  'lair Moncigaw  Springs 

I                         i 
♦95  '  St.  Francois   Farmington 


96  i  St.  Louis.. 

97  !  SaUne 


Windsor  Springs 
Marshall 


J.Rt.H'U)r 

R.  M.  Simlding 

C.  H.  Dameron 


12 


do...- 

Stilt.  iron, 
phur. 

Medium . . 

Soft,  iron 
phur. 

Lime,  ina« 


11  I Hard 

25  i        50  ;  Soft  - 


Cold.    Salty,  snli. 


..    Mineral 

:t2     Cold.    Saltv... 


do 

Henry  Hoi*ton 

O.  O.  Stump,  H.  All- 
ton. 

Comer  Spring 


Windsor  Spring  Co 
F.W.York 


Cold.  Iron,  alum 
Mineral . . 
(Jas,  sulpb 

Hard 

Gas 

Mineral . . 


♦  See  notes  at  end  of  this  table. 


SD.3 


lasdotrM. 


4^3 


lacmri— Cootixiiied. 


ne  (flgnres 
cate  gal- 
(  per  min* 


large. 


Material  from 
which  spring  is- 
saes  or  manner 
of  emergence. 


Subterranean 
stream  from* 
limestone. 

rwo  underground 
streams. 

Gravel 

Limestone 

Rock 


Forms  lake,  used  for 
Bto<'k,8old. 


j-Suppli 


i«»ft  town 


Fish  pond,  distillery  .. 
Private  fiHh  pondH,etc. 

Bathing,  drinking 


Bemarks. 


Beaver  Spring;   park  at 
spring. 


Hotel  abandoned 


•al }  Limestone '  Supplieseity. 


•al 


larg**. 


)*. 


al 


Lim€>stone 


Drinking,  bathing 

% 
Domestic 


Third  magnesium  |  Runs  two  uiills  . 
limestone. 

Limestono Public  Huppl  y . . . 

! 
Sand I  Drinking, Htock. 


Fish  pond 

RnnH  gristmill. 


Not  from  rook 

Stream  from  liin**- 
stone. 

Not  from  rock i  Domestic ,  l>oilor 

Slate Bathing,      modioinal, 

Hhipped. 

Medicinal, ahijiied 


Park    about    spring; 
spring  forms  creek, 

Three  hotels    and    bath 
houses  near  spring. 

Park,  etc.,  near    spring; 
waterworks. 

Medicinal  properties; 
hotels  at  spring. 

One  of  the  few  springs  of 
region. 

Artificial  lake  for  boating, 
etc.  ^ 

Elm    Spring;     medicinal 
properties. 

Big  Spring;  town  is  plan- 
ning to  develop  a  resort. 


B.  B.  Mineral  Spring. 


lo 


flow 


Gravel Drinking,  medicinal. . . 

Limestono  cr<.n'ic«i.    Supi>lies  large  part  of 

i      community. 

Sandstone *  M«*dicinal 


Lime8ton«» Distillery  pnrp<>s«^s 

Stream  from  r<K-kJ  City  supply 


No. 


•66 

67 

68 
69 

•70 
71 

♦72 
78 

♦74 

♦75 

♦76 

77 
♦78 

79 

♦80 

laress  Carbon  Spring  or      ♦SI 
Ionian  Lithia  Spring. 

KaUnal  Bitter  Spring •    ♦Sg 

Hotel,  cottages,  Ijaths,  and      ♦BS 
park  at  spring. 

Spring  house 

Crsytal  Spring  and  Arte- 
sian Sjiring;  boarding 
house  near  by. 

X  f>  other  developed 
springs. 


♦84 


♦85 


86 


87 


Sti*eam  from  lime- 

■al  

stone. 
Rock 

Medicinal,  loathing  .. 
Drinking,  medicinal. 


Roaring  Spring |    *SS 


Limestone M«'dicinal,  bathing 


.do do 

Shipx>ed. 
Sand,  etc '  Health  resort . 


Hotel  at  spring 

Spalding  Springs;   hotel, 
park,  lake,  etc.,  at  spring. 

Huntsville  Mineral 
Springs;  two  hotels  and 
bath  house. 


•al 


Drinkill^r,  lioilrrs,  et<*. . 


Moncgaw  Springs;  hotels, 
etc.,  near  by. 

Located  at  corner  of  town 
plot. 


Limestone Sold  as  table  water 

\  Shipped,  medicinal  — 


Blue  Lick  Springs. 


89 
90 

91 

92 

93 

♦94 

♦96 

96 
97 
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Miiedlaneotu  tpring  rtronU 


No. 

County. 

- 

Owner. 

f 

1 

i 

Tom- 

QimHty 

m 

BMm 

do 

do 

UcAlllBtcr 

ISImml..-.- 

B«er. 

°F. 

•ITO 

Uiaaoarl    Ulnernl 
W«Ut  Co. 

M 

A 

" 

H.rd.«lty 1 

Btoddwd- 

..._.do 

Tbim 

Wotater  — 

do 

— j.do 

do 

Worth.  _.__ 

WrlKht .... 

"^ 

DuKter 

LlcWng 

KB 

,.».«m.,- 

i6 

Ha 

10 

10 

24 
AS 

Cool. 

1IMI 

W.  H.  Whiwler 

A.D.BBi™rd 

HftrsbSeld  iT 
ml  lea  north- 
w«t). 

Beycour 

DenviT 

OrantOlty 

Msnufleld 

tWi 

do 

ii)h«rf.(aiin(i.' 

1 

H«rd ' 

at 

■86 
M 

a 

17 
W 

IS 

81 

Cold. 

Eliman  BartajT 

j.v.wnihito 

CO..L 
Cold. 

■^1 


1O880UBI. 


4S6 


le  (figures 
per  mill-  I 


flow. 


large. 


dant 


Material  from 
which  apringte- 
■oes  or  mannsr 
of 


Not  from  rock. 


Stream  from  ro::k. 


Uj 


Shipped,  health  reeort . 


Medlciuil 

Medicinal, shipped  .... 

Medicinal,  nanitariam. 

Domestic 

Domestic,  citock 


Remarks. 


McAllister  Springs;  hotel. 


No. 


•9B 


•90 


Arkesianorhealingspring;  *IOO 
bottling  works. 


I 


Stream  from  sand-    Domestic 
stone. 

Stream  from  rock 

do 


Sweet  Springs;   bottltng 
works. 

Other  springs  carry  iron 
snlphato. 


Stream  )S  feet  broad,  1 
foot  deep  from  spring. 


Stream 

Limestone . . 
Sand  in  bog. 
Limestone . . 


Farm 

Domestic,  stock . 
FVtrm 


Domestic,  stock 

Domestic,  bathing,  etc. 

Stock 

Town  supply  (r) 


Two  springs;  military 
camp  and  stage  stand 
during  riril  war. 

Store  with  baths  at  spring. 


♦101 

im 

lOB 
104 

•105 

no6 

107 
106 

100 

110 

Ul 

♦112 
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NOTBS  ON  SPBIKG8  OF  inSBOURL 

No.  8.  There  aze  a  number  of  aOuir  flpiings  on  fhe  Hiokey  place,  one  of  whkh 
giyea  water  of  medicinal  propertiee.  This  sprixig  dqposlta  a  eoft  yellow  AiiibstenoBi 
and,  when  the  water  is  confined,  a  Tery  thick  sonm,  resembling  petroleam,  fonu 
on  the  surface. 

No.  6.  There  aze  three  springs  along  a  north  and  sonth  line,  within  a  distuioe 
of  900  feet,  coming  from  a  hard  bine  clay  beneath  the  soii.  The  stones,  wood,  etc., 
abont  the  spring  are  covered  with  a  white  slimy  sediment. 

Na  10.  At  times  a  green  oil  has  been  seen  along  the  bank  below  the  spnng. 
The  spring  forms  a  lake  which  is  claimed  to  be  among  the  largest  in  MisBoiirL 
Other  large  springs  in  this  region  are  Bennetts  Spring,  15  miles  sonthwest  d 
DecatorviUe,  one-third  greater  than  the  Ha  Ha  Tonka  Spring;  Big  Bine  ^iriiig,i 
sweet  spring,  12  miles  sonthwest  of  Decatorvjille,  flow  one-half  that  of  Ha  Hs 
Tonka  Spring;  Porter  Mill  Spring,  35  miles  north  of  DecatnrviUe,  one-fourth  ol 
the  flow  of  Ha  Ha  Tonka  Spring;  and  Monlder  Spring,  18  miles  nortiiwert  of 
Decatorville,  one-eighth  of  the  flow  of  Ha  Ha  Tonka  Spring. 

No.  IS.  Following  is  an  analysis  of  the  water  of  the  **  Fountain  of  Yooth,"  Ij 
P.  Schweitser: 

Anaitfitis  of  tocUerfrom  spring  at  Eldorado  Springs^  Mo. 

[FftrtB  per  milUon.} 

Silica 28.1 

Ferrous  oxide _ 8.1 

Lime --- u 8.5 

Magnesia 2.7 

Soda - -  - 8.5 

Lithia 6.6 

Snlphnr  trioxide - . . .._ .     1.0 

PhosphoniH  pentoxide 13.6 

Chlorine _ 1." 

Carbon  dioxide _ 54.9 

Oxygen  to  oxydlzed  ferrous  oxide .^ 

113.5 
Less  oxygen  equivalent  to  chlorine 


Iron  bicarbonate ... ...   7.* 

Calcium  bicarbonat  j. 3.  T 

Magnesium  bicarbonate 8.6 

Calcium  phosphate 8.8 

Sodium  chloride 1.8 

Sodium  phosphate 8.8 

Lithium  phosphate 17.C 

Free  carbon  dioxide 43.  C 

110.  Q 


XI880UBI. 


437 


Analyses  reported  by  owners  (analysts  unknown): 
AncUyses  of  waters  from  springs  at  Excehior  Springs,  Mo, 


[Parts  per  million.] 


r  constitiient. 

Stack's    Iron 
Spring. 

Siloam  Spring. 

4 

M  . 
O  bfi 

eS 
OQ 

17.1 

Pres- 
ent. 

...do. 
...do. 

Salt  Sulphnr 
Spring. 

Regent  Spring. 

Snlpho-Saline 
Spring. 

Magnetic 
Spring. 

Maenaferro 
Spring. 

E  xce Isior 
Springs. 

1 

tvity 

:         1 

17.1    1    17.1 

Pres-  - 

ent.j 

'  Pres- 
ent. 

do. 

1 

Pres- 
ent. 

oride 

eo.i 

6.8 

17.0 

11,021.8 

18.0 

14.4 

3.3 

17.6 
2.8 

6,218.5 
80.9 

65.8 

chloride 

tmidA 

1 

ide 

::::::v;:;:;;. ;;::;;;!;:;;::: 

1 

irosolpbide .. 

1 

! 

loride 

1 

Pres- 
ent. 



223.5 

1  p.hlniide 

27.2 

12.9 

1 

[ 

26.8 

pbonat^ 

Pres- 
ent. 

...do. 

1  • 

Pres- 
ent. 

.  -dp. 

Pres- 
ent. 

do 

I  carbonate 

1 
1 

' 

lates 

...do.i 

1 

...do. 

...do. 

arbonat'^ .  .  „ 

34.1 
851.0 

9fV4 

9.3 

carbonate 

1  bicarbonate. 

378.0 

67.6 
8.6 

44.9 

368.0 

41.6 
4.3 

47.3 

585.6 

94.8 
9.3 

71.7 

4.8 

:«)7.2 

Pres- ' 

ent.             1 

bicarbonate . 

Pres- 
ent. 

-_-do. 

onates.. 

arbonate 

14.3 
89.7 
23.5 

1.6 

508.5 

1 

phatA  

1,348.5 

snlphate 

3.3 
22.3 

7.0 

Ipbati^ ... 

39.0 

650.3 

4^.2 

Pres- 
ent. 

do. 

.  sulphate 

403.0 

545.0 

litrate 

.8 

1                !             1 

Pree-I 

ent.i 

...do.   Pres- 
ent. 

Pres- 
ent. 

...do. 

16.4 

6.6 

2.1 

39.0 

.8 

1,660.4 

27.8 

28.7 

Pres- 
ent. 

do. 

11.1 

12.0 

10. 1 

Pres- 
ent. 

...do. 
do . 

Pres- 

side  

ent. 

Pres- 
ent. 

122  8 

itter 

Pres- 
ent. 

! 

1 

The  water  is  hard,  alkaline,  and  (;harged  with  gas  and  iron.  A  deposit 
rms  below  the  spring.  The  resort  was  largely  patronized  a  few  years 
reral  other  springs,  inclnding  a  * 'saltpeter*'  spring,  considered  to  be 
in  cases  of  rheumatism,  occur  in  the  locality. 
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No.  28.  The  composition  of  the  water  of  the  springs  at  this  popnlar  res 
shown  in  an  analysis  by  Professor  Litton  as  follows: 

Analysis  of  vxiter  from  spring  9  miles  from  Booneville,  Mo. 

[Parts  per  million.] 

Silica-: 

Sulphuric  acid _ 

Carbolic  acid , 

Chlorine _ _. _ 

Peroxide  of  iron 

Lime 

Magnesia _ _ 

Potassa - 

Soda 

No.  30.  The  branch  to  which  the  springs  give  rise  averages  about  4  feet 
and  50  yards  wide. 

No.  86.  This  water  is  reddish  in  color  and  carries  some  sediment.  A  film  i 
on  its  surface  on  standing,  and  white  and  red  deposits  form  about  the  s^ 
Analysis  by  Wright  and  Merrill: 

Analysis  of  water  from  spring  at  Oara,  Mo, 

Specific  gravity,  1,002. 

Reaction,  neutral. 

Carbonic  acid  gas,  26  cubic  inches  per  gallon. 

[PartH  iK»r  million.] 

Calcium  carl)onate .   . 

Magnesium  carlx)nate   . . .  

Iron  carbonate _ 

Magnesium  sulphate 

Calciuni  sulphate}   .   . 

Sodium  chlorido 

Silica - 

Alumina . . . 

Organic  and  volatile  matter  aiu  I  loss    

Total  solids  i)er  gallon .     .      .     .     


No.  37.  The  water  carrie.-^  some  sediment,  and  on  standing  a  film  forms  < 
surface.     A  deposit  of  iron  occurs  at  the  si)ring. 
No.  38.  Analysis  by  P.  Schweitzer.  11)02: 

Analysis  o/  uuiitr  of  spriny  at  Monfrosr,  Mo. 

[Parts  \n'V  million.] 

Silica - 

Alumina 

Ferrous  oxide _ 

Manganous  oxide 

Lime 

Magnesia 

Soda 

Potassa 


» 


!-•■ 


u]  lassouHL  4S9 

^ 10.0 

BD^hnr  triooddd 1,136.0 

CUarine 1.9 

diazide 217.8 


2,246.9 
oxygen  for  chlorine .4 


lOnenJ  matter 2,245.5 

dygen  for  ferrona  and  manganons  oxideB 8.0 

2,248.5 

IiMB  carbonic  acid  escaping 140.8 

Fixed  reeidne , 2,107.7 

'Stake  of  combination: 

Slica ^ 11.5 

AInmina _ 8.2 

Iron  bicarbonate _ 55.6 

ICanganeee  bicarbonate _ 5.0 

Calcinm  bicarbonate. -- 250.4 

Galcinm  snlphate 1,028.6 

llagnesinm  snlphate _ 870.9 

Potasnnm  sniphate 81.2 

Sodinm  snlpbate 418.8 

lithinm  sulphate 88.7 

lithinm  chloride _ ,...  2.2 

Free  carbon  dioxide ^ 81.0 


2,247.0 
Qiygen  for  ferrona  and  manganonn  oxidee 8.0 

2,250.0 
Lm  carbonic-acid  gas  escaping _ _ 140.8 


Fixed  reeidne - 2,109.2 

Ko.  30.  This  spring  supplied  a  watering  station  at  the  railroad  for  several  years. 
Ko.40.  Anal3rsis  of  water  of  **Pool  of  Siloam,''  reported  by  owner  (analyst 
unknown): 

Analysis  of  loater  of  spring  at  Mound  City,  Mo, 

[Parts  por  million.] 

Sodinm  chloride 6.0 

Sodimn  sulphate 1.7 

bon  carbonate 81. 6 

Calcimn  carbonate 91.0 

^^fagnesium  carbonate  03. 0 

-^mnina Trace. 

^iaoganese  oxide Trace. 

^flica 19.6 

^^rganic  matter 291 . 8 

Total  soUds 504.7 
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This  pool  iBfeAhy  two  iiiriiigB^  fhe  wmten  ot  one  of  whieh  is  Teprasented  bytiw 
aluove  snslysis.  The  analysiB  of  the  other  is  similar,  bat  not  so  high  in  minenl 
mattnr. 

A  spring  dng  ont  by  Henry  Kankel  in  1871  in  seo.  89,  T.  08,  B.  88,  showed  tti 
following  materials  (analysis  reported  by  owner;  analyst  nnknown): 

Analytis  of  vnter  of  9pHng  ai  Mound  CHiifj  Mo, 

[Buts  per  minioiL] 

• 

Sodiom  chloride 148 

Sodium  sulphate 8I.* 

Potassium  sulphate 15.8 

Oakrfnm  snlphate 7.8 

CSaldnm  carbonate 118.1 

Magnesiom  carbonate 45.1 

Protoxide  of  iron  carbonate 9.8 

Protoxide  of  manganese  carbonate 1 

Al-ntn^nn. 4.6 

aiica 18.1 

Organic  matter M.0 

Total  solids 877.4 

No.  48.  These  springs  are  located  in  a  ravine  snrroonded  by  hills.  There  ue 
about  15  springs  of  different  kinds  of  water;  snlphnr,  iron,  magnesia,  and  sods 
behig  the  most  common  materials. 

Spring  No.  1  contains  17.963  grains  of  mineral  tnatter  per  gallon.  It  oonnste 
mainly  of  lime,  magnesia,  carbonic  acid,  with  small  qnantitiee  of  iron,  potashi 
sodinm  snlphate,  sodinm  chloride,  and  small  qnantitiesof  alumina  and  silica,  with 
some  organic  matter.  ' 

Spring  No.  2  contains  17.193  grains  per  gallon  of  mineral  matter,  consisting 
mainly  of  carbonate  of  lime,  magnesia,  and  iron,  with  small  qnantitiee  of  theBol- 
phates  of  magnesinui  and  potassium,  chlorides  of  sodium  and  calcium,  and  smA^ 
quantities  of  alumimi  and  silica.    Both  waters  are  slightly  alkaline. 

• 

No.  47.  Analysis  by  C.  C.  Hamilton: 

Aiialysis  of  water  of  spring  at  Independence,  Mo, 

IPnrtH  iwr  million.] 

Potassium 8- 

Sodium  chloride 34- 

Calcium  sulphate 87  - 

Calcium  carbonate 251  - 

Magnesimn  carbonate. 21  - 

Ferric  oxide 11- 

Potassium  nitrate _ 1^ 

Silica - 28. 

Fixed  residue 439.  • 

,  Free  carbon  dioxide 148.  • 

Mineral  matter 587. 

No.  49.  Analysis  reported  by  owner  (analyst  unknown) : 


».] 
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AndlyHs  of  water  of  spring  at  Lees  Summit  y  Mo, 

[Parts  per  mfllion.] 

- 12.M 

127.8 

Jia 85.7 

- 640.7 

- 2.6 

r  trioxide. 809.2 

le - 786.7 

dioxide 49.3 

1,964.0 
ygen  equivalent  to  chlorine _ 166. 7 

lineral  matter 1, 797. 8 

f  combination: 

ca _ '    12.0 

Icimn  sulphate , 810. 5 

gnesinm  sulphate _      189. 9 

gnesium  bicarbonate .  _ _ .        71. 7 

lium  chloride 1, 206. 0 

hium  chloride 7. 8 

Mineral  matter ^ 1,797.4 

')0.  There  are  many  fine  springs  in  this  county,  generally  giving  limestone 
3f  a  similar  character.    One  spring,  known  as  the  **  Woolen  Mill  Spring," 
»d  within  the  corjwrate  limits  of  the  town. 
i3a.  Other  springs  in  the  vicinity  are  Wilson,  Taake,  Gum,  Hood,  and  Motley. 

^s  of  samples  of  water  from  spntigs  on  road  from  Joplin  to  Seneca^  one- 
th  mile  north  of  Shoal  Creek,  4i  miles  southwest  of  Joplin,  at  hose  of  Grand 
8  chert  bluff. 


Ele- 
ments. 


East     West 
spring,  spring 


Pb 

Trace. 

Ca 

0.2 

Cd 

.5 

Zn 

ia).5 

Pe 

.« 

Mn  .... 

SJ.H 

Al 

.4 

Ca 

61.1 

Mg  .... 

3.8 

K 

2.5 

Na 

8.6 

CI 

2.6 

SO4 

284.9 

CO3.... 

643.2 

SiO,... 

13.7 

539.9 

Parts    Parts 
per        i>er 
mil-    I    mil- 
lion,      lion. 


(«) 
(«) 
0) 

132.4 

.« 

2.4 

(>M 

4.2 

2.5 

3.9 

2.6 

287.6 

ft56.8 

15.7 


East  spring. 


572. 3 


Compounds. 


PbS()4 

CUSO4 

CdS()4 

'  ZnSOt 

FoS()4 

MnS(>4 .... 

A1,(S04);,--. 
CilS()4 

MgrS(>4.... 

,  KoS04 

Na«S04 

Naa 

CaCOa 

SiO,. 


Parte 
T>er 
I    mil- 
lion. 


Trace. 

0.5 

.9 

2i>7.7 

1.6 

6.3 

2.5 

KW.fl 

19.0 

5.6 

5.9 

4.3 

72.0 

13.7 


539.9 


West  spring. 


c^en  t-  i  ^^ 

*K«    ;    Sl- 
<^«^PO-    Uon. 


BIT  ion. 
Trace. 

(«) 

0.09 

(«) 

.17 

(?) 

56.14 

337.0 

.30 

1.6 

1.17 

6.6 

.46 

3.2 

20.84 

K5.8 

3.52 

21.0 

1.04 

5.6 

1.09 

6.8 

.80 

4.3 

13.34 

94.7 

2.54 

15.7 

100 

579.3 

Per- 
cent- 
age 
comiKv 
sition. 


(«) 
(") 
(?) 
57.14 

.28 
1.15 

.56 

14.99 

3.67 

.  00 
1.19 

.75 

16.55 

2.74 


100 


tennined.     bCalcnlated.    W.  F.  HiiJebrand  in  Am.  Jonr.  Sci.,  ^  aex.,  -voV.  ^  VV*  ^^JMSa., 
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Both  waters  neutral  to  litmus  and  held  a  considerable  quantity  of  organio 
matter,  and  both  contained  a  small  amount  of  ammonia,  not  exceeding  one  part 
per  million. 

Aiwlyais  of  spring  iie(ir  Shoal  Cret'k,  3iV  wii7<'«  simtheoHt  of  TJinrnian. 

[By  H.  X.  Stokw;  ])art«  per  million.] 

Cu - Tnwi 

Zn None. 

Fe - TnoeL 

Al Traoft. 

Ca - 42.6 

Mg 2.5 

K 1.0 

Na 2.4 

Ti ,. None. 

H  (bicarbonate) 2.3 

a 1.7 

so* 4.2 

CO,  (bicarbonate) 14O.0 

CO,  (free) 1.3 

SiO, 15.0 

213.0 

No  Pb,  Ba,  H,S,  nor  organic  matter.  The  above  figures  include  a  slight  amoant 
of  sediment. 

AndlystH  of  water  from  8irriu{f  went  of  Shoal  Creek,  1^  milejf  southwist  of  77i  f/rm/n». 

[By  H.  N.  St4>ktw;  jmrts  jwr  million.  ] 

Cu Trace. 

Zn 'Soue. 

Fe ..  0.4 

Al Trace. 

Ca M).'^ 

Mk   ---  1^> 

K. 5.« 

Na - 9.6 

Ti Trace. 

H  (bicarbonatr) 2.0 

CI- - 9.3 

SO, 25.4 

CO3  (In('arl)onate) 170. ' 

CO2  (fre<») None. 

SiO.     - - - 47.7 


No  PI).  Ba.  ILS.  or  organic  matter.     Th<>  above  fi^i^ros  include  a  slijrht  anionic 
of  sediment. 

Analysis  by  H.  N.  Stokes,  but  recorded  a.s  spring  west  of  Shoal  Creek,  li  mil* 
southwest  of  Thurman.  Mo. 

No.  54.  Analyses  of  *'A(iua  Vita?"  water  from  the  deep  well  at  Canton, Mo.,  ^ 
Harrison  Hale,  1903. 
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AmUfna  of  water  from  spring  at  House  Springs,  Mo, 

[Parts  per  million.] 

OHca 5.3 

efrric  oxide Trace. 

ime 853. 0 

[agnesia 286.4 

oda 2,500.8 

ViteBsa 108.9 

alphur  trioxide 766. 2 

Ibknine 2,884.6 

lurbon  dioxide 386.6 

V'ater in  combination 73.9 


7, 259, 7 
jesB  oxygen 668.0 


Mineral  matter 6,596.7 

State  of  combination: 

Sflica 5.3 

Galcinm  bicarbonate 413. 4 

Calcinm  sulphate 510. 7 

Magnesium  bicarbonate 225. 2 

Magnesium  sulphate 521. 0 

Sodium  chloride 4, 552. 9 

Potassium  chloride _ 155. 8 

Sodium  sulphate 202. 0 

Potassium  sulphate 10. 3 


Mineral  matter 6, 596. 6 

No.  65.  Analysis  by  P.  Si^hweitzer: 

Analysis  of  wafer  af  sprinfj  at  Win  field,  Mo, 

[Parts  pt'i*  inillioii.) 

Silica 11.1 

Alumina -     . - .  -     . 3. 6 

Ferrcjns  oxide - - .    -     2.1 

Lime 176.9 

&Iagnesia -- .- 85.7 

Potassa... -           ---- ---    - -    9.0 

5oda -- 860.3 

Lithia -  -  -  -  23. 4 

Snlphur  trioxide 287.6 

Chlorine - 958.8 

Carbon  dioxide .-. - - 323.8 


Less  oxygen  for  chlorine -     216. 1 

Less  carbon  dioxide  escaping - - -  105. 4 

411.5 


Fixed  residue? .    .  .... - 2, 330. 8 
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Both  waters  neutral  to  litmus  and  held  a  considerable  quantity  of  or 
matter,  and  both  contained  a  small  amount  of  ammonia,  not  exceeding  one 
per  million. 

Analysis  of  spring  near  Shoal  Creek^  S^^  miles  southeast  of  Jliurman. 

[By  H.  X.  Stokes;  parte  per  million.] 

Cu - 1 

Zn .- ] 

Fe - - 1 

Al - - - 1 

Ca - - 

Mg 

K 

Na 

Ti ...,. .-    I 

H  (bicarbonate) 

a 

SO4 

COg  (bicarbonate) _ 

CO,  (free) 

SiO, ---- 


No  Pb,  Ba,  HjS,  nor  organic  matter.    The  above  figures  include  a  slight  au 
of  sediment. 


^. 


inalysiH  of  water  from  spring  west  of  Shoal  Creek,  1^  miles  southwest  of  TIiui 

[By  H.  N.  StokoH;  parts  insr  million.  J 


r 


r 


Cu 

Zn  .-_ 

Fe 

Al. 

Ca 

Mg 

K . 

Na 

Ti 

H  (bicarbonate)  . 

CI. 

SO, 

COs  (bicarl)onate) 

CO,  (free)     

Sid,-   - 


No  Pb,  Ba,  H.^S,  or  organic  matter.  The  above  fignres  include  a  slight  ai 
of  sediment. 

Analysis  by  H.  N.  Stokes,  but  recorded  as  spring  west  of  Shoal  Creek,  Ij 
southwest  of  Thurraan,  Mo. 

No.  54.  Analyses  of  "Aqua  Vitae  "  water  from  the  deep  \vell  at  Canton,  M 
Harrison  Hale,  1903. 
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Analysis  of  wetter  from  spring  at  House  Springs,  Mo, 

[Parts  por  million.] 

Slica - 6.8 

Ferric  oxide Trace. 

Lime _ 853.0 

Ma^esia. .  _ 285. 4 

Soda 2,500.8 

Pbtassa 108.9 

Snlphnr  trioxide 766.2 

Chlorine 2,884.6 

Oarbon  dioxide 886.6 

Water  in  combination 78.9 

7, 259, 7 
Leafl  oxygen ' 668. 0 

Mineral  matter 6,596.7 

State  of  combination: 

SUica.-.. 5.8 

Calcium  bicarbonate 418. 4 

Calcinm  sulphate - 510. 7 

Magnesium  bicarbonate . . . . .   225. 2 

Magnesium  sulphate 521. 0 

Sodium  chloride 4 ,  552 . 9 

Potassium  chloride _  155. 8 

Sodium  sulphate - 202.0 

Potassium  sulphate - 10. 8 

Mineral  matter 6,596.6 

No.  65.  Analysis  by  P.  Schweitzer: 

Amilysis  of  icater  of  spring  at  Winfleld,  Mo, 

[Parts  per  million.] 

Silica --- 11.1 

Alumina -  - 3.6 

ferrous  oxide - 2.1 

Lime -- - 176.9 

Magnesia 85 . 7 

^)ta88a - 9.0 

3oda - 860.3 

Lithia -- -- 28.4 

Sulphur  trioxide - - 287. 6 

-^lorine - 058. 8 

Carbon  dioxide  _ - --- 323. 8 

2, 742. 3 
^-•€88  oxygen  for  chlorine 316. 1 

-•©88  carbon  dioxide  escaping 195. 4 

411.5 

Fixed  residue 2,330.8 

1KB  102—04 28 
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There  is  at  present,  in  addition,  a  trace  of  bromine,  and  probably  a  I 
.amount  of  carbonic  acid  than  here  fonnd.    These  substances  are  snpi>osed 
united  as  follows: 

Mineral  analysis  of  water  of  spring  at  Winfleldf  Mo. 

[Parts  per  znillion.] 

SiUca 

Alumina 

Iron  bicarbonate 

Calcium  bicarbonate 

Magnesium  bicarbonate 

Galcixmi  sulphate 

Potassium  sulphate 

Sodium  sulphate •_ 

Sodium  chloride _ _ 1, 

Lithixmi  sulphate 

Free  carbon  dioxide 


0 


Carbonic  acid  escaping 

Fixed  residue 2 ' 

No.  66.  Another  fine  spring  comes  out  of  a  hill  on  the  east  side  of  B 
Branch,  the  stream  which  is  formed  by  Beaver  Spring.    It  was  formerly 
into  town,  but  the  public  well  is  now  largely  used.    Several  other  springs  ( 
nmnber  of  sulphur  wells  are  located  in  the  vicinity. 

No,  70,  The  water  has  a  reddish  color  and  an  oily  scum  forms  on  the  surfa 
standing.  It  has  medicinal  properties  and  some  is  shipped.  Analysis  by 
Wait: 

Analysis  of  water  of  spring  at  Vichy,  Mo, 
[Parts  per  million.] 

Sodium  carbonate 

Potassium  sulphate  . 

Potassium  chloride _ . 

Ferrous  carbonate 

Magnesium  chloride  

Magnesium  carbonate   

Calcium  carbonate . 

Aluminum  carbonate  . .     .   _ 

Silica  carbonate 

Organic  and  volatile  matter 

Suspended  matter 

Ammonia - ^ 

Total... 

Two  other  springs,  one  of  strong  sulphur  water,  are  located  in  the  vicinit; 

No.  72.  For  analysis  see  Missouri  Geological  Survey  Report  on  Mineral  W 
1892,  page  127. 

No.  74.  D.  W.  Eaton,  county  surveyor,  reports  the  following  springs: 

SW.  isec.  22,  T.  45  N.,  R.  19  W.  Issues  from  the  base  of  bluff.  Coi 
flow.     Water  hard,  with  smell  and  tast«  of  sulphur. 

SE.  comer  sec.  28,  T.  45  N.,  R.  18  W.    Issues  from  swamp  in  ])ottonis. 

SE.  i  sec.  9,  T.  43  N.,  R.  18  W.    Sulphur  spring.     Temperature,  57°. 
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eo.  6,  T.  48  N.^  B.  18  W.    Much  like  the  preceding,  bat  carries  less 

ImieB  from  a  coaly  ahale,  from  which  lead  and  zinc  have  been  taken. 
ec  28,  T.  44  N.,  B.  17  W.,  1  mile  south  of  Fortnna.    This  spring  issnes 
iU  hole  pat  down  for  lead  and  zinc.    Several  other  flowing  springs  of 
character  are  to  befoond  in  the  vicinity. 

lec  18,  T.  48  K.,  B.  18  W.    Spring  of  soft  water  in  prairie.    Flows  con- 
living  a  1-ini^  stream* 

sec.  7,  T.  48  N.,  B.  17  W.,  jast  soath  of  Versailles.    An  alxmi  spring, 

,  witii  analysiB,  in  volome  8  of  Qeological  Survey  of  Missouri,  on  i>ageB 

30. 

sec.  8,  T.  48  K. ,  B.  17  W.    Spring  flowing  from  drill  hole.    Water  tastes 

Is  of  sulphur.    Deposits  of  iron. 

sec.  20,  T.  42  N.,  B.  17  W.;  NW.  i  sec.  21,  T.  42  N.,  B.  18  W.,  and  NW. 

T.  42  K.,  B.  18  W.    All  typical  hard-water  springs. 

sec  28,  T.  43  N. ,  B.  17  W.    James  Mill  Spring  (described  by  Meek  in 

ts  as  the  Boss  Mill  Spring).    Water  pure.    Issnes  from  hillside  25  feet 

i  neighboring  branch. 

sec.  82,  T.  42  K..  B.  17  W.    Wyan  Spring.    A  strongly  mineral  spring 

"om  a  fissure  in  the  limestone.    Rocks  and  vegetation  in  the  vicinity  are 

ith  an  iron  deposit. 

sec.  6,  T.  41  N.,  B.  19  W.    Boyler's  Mill  Spring.    Buns  a  small  milL 

i  in  Meek*s  report. 

sec.  10,  T.  41  N.,  B.  19  W.;  SW.  i  sec.  22,  T.  41  N.,  B.  19  W.;  NW.  i 

.  41  N.,  B.  19  W.;  W.  i  sec.  5,  T.  40  N.,  B.  18  W.;  SW.  i  sec.  9.  T.  40  N., 

(East  Proctor  Spring);  W.  i  sec.  16,  T.  40  N.,  B.  18  W.;  SE.  i  sec.  6, 
B.  17  W.  Typical  hard-water  springs.  The  third,  fourth,  and  fifth  are 
e  springs. 

«c.  19,  T.  41  N.,  B.  17  W.;  SW.  i  sec.  85,  T.  42  N.,  B.  18  W.;  SW.  i  sec. 
N.,  B.  18  W.;  S.  i  sec.  1,  T.  40  N.,  B.  17  W.  (at  Gladstone);  NE.  i  sec. 
r.,  B.  16  W.;  NE.i  sec.24,  T.41  N.,  B.  17  W.;  NW.  i  sec.  8,  T.41  N.,  B. 
typical  hard-water  springs. 
9C.  19,  T.  42  N.,  B.  16  W.    Tastes  and  smells  of  sulphur. 

Among  the  springs  in  the  city  of  Neosho  (name  signifying  **  beautiful 
are  the  following: 

GaUoDs  per  minnte. 

ig - ---- 5,000-10,000 

ag 200 

I  Spring  (supplies  United  States  fish  liatchery ) 600 

;  Spring 800 

pring... - -- 300 

pring 200 

Ipring.. 200 

ring 400 

Spring - 200 

QsSpring 5,000 

Spring 8,000 

^^oup  Spring  (combined)  .       5,000 

Woodward,  and  Culkius  springs 200-600 

[Spring 600 

;s  Spring 600 

Other  springs  in  the  region  are  Kilgore  Spring,  4  miles  east,  and  Shoe- 
)ring,  3  miles  east. 

This  spring  emerges  through  a  vertical  orifice  in  the  limestone.  About 
I  of  the  volume  is  used  in  running  a  gristmill.  I 
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IJo.  80.  Analysifi  by  P.  Schweitzer: 

AiuUyais  of  ttater  of  spring  at  Bowling  Oreen,  Mo, 

[Parts  per  million.] 
Silica 


Almnina 
Lime 


45.4 

»3.4 

---. _.-.  564.5 

Magnesia 3,816.0 

Soda - 455.: 

Lithia - 1.7 

Sulphur  trioxide 9,346.2 

Chlorine _ 4. 1 


Less  oxygen  for  chlorine 


14,227.0 
.9 


Fixed  residue 14,236.1 

State  of  combination: 

Silica 45.4 

Alxmiinum  sulphate 313. 1 

Calcium  sulphate 1,371.0 

Magnesium  sulphate 11,447.9 

Sodium  sulphate _ 1,043.8 

Lithium  chloride ..    .     .     ..   .   ,    4.9 


Fixed  residue 

Nos.  81  and  82.  Analysis  by  P.  Schweitzer,  1894: 

Anali/sta  ttf  initcr  of  sjn'ing  at  lioirli'mj  Green  ^  Mo, 

[»*Hrts  jMT  inillion.) 


14,236.1 


Mat«»riHlH. 


No.  HI 


Silica     . 
Alumina    . . 
Calcium  bicarbonate' 
Calcium  sulphate  . 
Magnesium  sulphate* 
Potassium  sulphate   . 

Sodium  sulphate 

Sodium  chloride.    . 
Iron  liicarbouato  . . 

Magnesium  bicarbonate 
Potassium  bicarlxjnate 
Lithium  chloride  .... 
Free  carl)on  dioxide  . . 


12.4  ; 

13.7  I 

151.5  ' 

:U6. 6 

11.640.6 

43.1 

1,113.0 

39.7 


No.fCJ. 

14.3 

3.8 

295.9 


74-5 


.5 


\sr^ '  • 


Mineral  matter ;  13,361.2 

Carbon  dioxid*?  escaping . .  ' 

Fixed  residue - . . 


KissorrBi. 


4S7 


rherci  ujp  twu  salt  RjiriiiKH  n»ar  b;  at  which  gait  waH  suLnufactinvil  at 
A  spring  1  mUe  sonthweet  ih  similar  in  charaft^r  to  the  *■  B.  B."  iniu- 
at  Bowling  Oreen. 

ipriug  rises  thrtmgh  a  crevice  ID  feet  cleeji  in  limestone. 
B  nnmerona  other  upringH  in  the  vicinity  of  similar  character.  A  rapid 
ad  etream.  14  It^t  Iieneath  the  sorfac^,  was  eni^onntered  in  a  well  1 
north.  Sinks  are  frequently  forming  at  the  present  time  in  this  region. 
I  of  clear,  moderately  cool  water,  slightly  charged  with  enlphnr  or  iron, 
UutlyuB  iif  Crystnl  Spring  hy  R.  B.  Englemaii: 

Aiialj/gia  of  lealer  of  ttpring  nt  Pnrkville,  Mii, 
I  [PMta  p"r  mmiiinL  ] 


ombiiiation  _ 


■e  nnit«d  as  follows; 


-106,5 

.  339.8 

17.  t 


39.7 
19.9 
11.  S 


carbonate 

icarbonate 3B3,4 

a  bicarbonate 25,0 

a  anlphste <•- 36. 6 

Iphato- 33.8 

chloride  .  _ _ 10. 1 

loride - 18.5 

tralmatter 465.9 
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Analysis  of  Artesian  Springs  by  R.  B.  Engleman: 

Analysis  of  water  of  spring  at  Parkville,  Mo, 

[Parts  -per  million.] 

Silica - 111.5 

Ferrous  bicarbonate _ 88. 9 

Ferrous  sulphate 254.3 

Calcium  sulphate 577. 3 

Magnesium  sulphate 133. 3 

Pota£»ium  sulphate .._ 7.8 

Sodium  sulphate 203.8 

Sodium  chloride 26.4 

Phosphorus _ Trace. 

Ammonia Trace. 


Mineral  matter ._ 1,403.3 

Solid  residue _ 1, 375.0 

Specific  gravity .  - 17. 1 

No.  88.  There  are  in  this  county  13  springs  of  nearly  the  same  flow  as  this  one, 
some  of  them  exceeding  it.  They  are  all  of  pure,  clear  water.  One  large  spring, 
the  flow  of  which  forms  quite  a  creek,  is  intermittent. 

No.  94.  A  black-sand  deposit  in  some  (^ases  and  white  coatings  in  others  are 
formed  about  the  springs  in  this  \'icinity.  Analysis  reported  by  owner  (analyst 
unknown): 

Analysts  of  water  from  spring  at  Monegaw  Springs,  Mo. 

[Parts  per  million.] 

Silica 11.1 

Lime... 214.3 

Magnesia 101.6 

Potassa -. 29.4 

Soda 1,010.2 

Sulphur  trioxide . .   32. 1 

Chlorine -.. 1,300.3 

Carbon  dioxide _ _ 374.6 

Water  in  combination * 76.6 


Total - 3,150.2 

Less  oxj'gen 293. 0 

Mineral  matter 2, 857.  ^ 

Fixed  residue - _ 2, 593.  S 

Specific;  gravity 17.  ^ 

These  substances  are  united  as  follows: 

Silica - -   11-   ^ 

Calcium  bicarbonate 555.    ^ 

Magnesium  bicarbonate .  121.  ^ 

Calcium  sulphate 54.  ^^ 

Magnesium  chloride ._ _ 162.  ^^ 

Potjussium  chloride 46.  ^ 

Sodium  chloride 1,906.3^ 

Mineral  matter _ 2, 857. 1 


]  MissouKi.  489 

To.  95.  Than  axe  a  nmnber  of  sweet  water  spriogs  in  this  locality,  among 

ich  are  the  Garter,  Alexander,  Wade,  Mnrphy,  Klein,  and  others. 

To.  98.  Analysis  of  Uack  snlphnr  water,  McAllister  Springs,  by  B.  Chanvenet: 

AnaiysU  of  water  from  ttpring  at  McAllister,  Mo, 

[Purts  per  million.] 

iom  chloride 18,908.0 

aswTiTn  chloride  _ 15. 4 

cinm  chloride - 988.7 

gnesinm  chloride 584.8. 

cinm  sulphate - .- 829.8 

cinm  bicarbonate 1,231.3 

gnesimn  bicarbonate 5,754.1 

D  bicarbonate 10, 8 

[iom  snlphate 12.0 

ca - 5.1 

Total , 22,588.9 

(o.  99. — ^There  are  many  sulphur  and  other  springs  in  the  vicinity,  but  none 

re  been  developed  as  resorts. 

^0. 100. — ^Analysis  of  Akesion  Spring  water  by  C.  P.  Williams: 

Analysis  of  toater  from  spring  at  Akesion  Spring,  at  Sweetsprings,  Mo, 
scifk;  gravity  at  irC 1.0145 

[Plarts  per  million.] 

iinm  chloride 12,929.5 

tassixmi  chloride 488.4 

Mom  chloride 5. 0 

ignesinm  chloride , 1, 498. 8 

Icium  chloride 1, 278. 9 

Ignesinm  bromide 2. 2 

ignesinm  nitrate 8. 0 

imonium  nitrate 2. 9 

Iinm  sulphide 44. 6 

Icinm  sulphate 990. 7 

rinm  sulphate 2. 6 

cinm  phosphate 4. 1 

cinm  carbonate 688. 3 

Tons  carbonate 4. 6 

aganous  carbonate : 8. 4 

.mina 2. 8 

ca 8.8 

ranic  matter _ 52. 0 

Total  solids -.. 18,005.1 
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No.  101.  Analysis  of  Sweet  Springs  water  reported  by  owner  (analyst  unknown): 
Analynis  of  toaterfrom  spring  at  Sweetsprhigs,  Mo, 

[Part»  per  million.] 

Sodium  chloride 1,5:^,4 

Potassium  chloride •'>^.  1 

Lithium  chloride - 8 

Magnesium  chloride 381.2 

Calcium  chloride 251.7 

Magnesium  bromide  .   .     - 2.0 

Calcium  sulphate 161.7 

Calcium  carbonate 163.5 

Iron  carbonat3 ^ J^.7 

Manganese  carl)onate . . .0 

Alumina - 1.5 

Silica 18.5 

Organic  matter - 69.3 

Total  solids 2,650.4 

No.  105. — There  are  a  dozen  or  more  large  springs  within  a  radius  of  6  miles. 

No.  106.  A  large  spring,  one-half  mile  north  of  the  Barnard  Spring:  was  for- 
merly very  small,  going  dry  each  season,  until  a  few  years  ago  a  rumbling,  prob- 
ably due  to  an  internal  caving  of  the  limestone  rock,  was  noted,  after  which  the 
stream  increased  largely  in  volume  and  has  continued  nearly  constant  in  flow 
throughout  the  year. 

No.  112.  Another  well-known  spring  in  the  vicinity  is  the  Sullivan  Spring. 
Several  other  smaller  springs  also  occur.  The  waters  are  all  similar  tr^  that  of 
the  town  spring. 


MINNESOTA. 


By  C.  W.  Hall. 


In  its  broader  relations  Minnesota  may  be  divided  geologically  into 
le  following  divisions:  (1)  A  northeastern  division,  embracing  the 
stricts  adjacent  to  Lake  Superior,  and  consisting  mainly  of  crystal- 
De  rocks;  (2)  an  east  and  southeast  division,  mainly  of  Cambrian 
ad  Silurian  rocks,  reaching,  with  one  slight  interruption,  from  the 
ead  of  Lake  Superior  southward  into  Iowa;  and  (3)  a  western  dis- 
ict,  embracing  the  remainder  of  the  State  and  consisting  largely  of 
retaceous  rocks.  Over  the  whole  State,  except  a  small  area  along 
le  Mississippi  River  belonging  to  the  Driftless  Area,  the  surface  is 
>vered,  generally  deeply,  by  glacial  drift. 

In  the  northeastern  or  crystalline  area  the  rocks  are  igneous  or 
ighly  metamorphic  sediments  and  carry  very  little,  if  any,  water, 
fi  the  eastern  and  southeastern  area  the  rocks  lie  in  a  broad  basin, 
round  the  rim  of  which  the  Cambrian  rocks  outcrop.  Inside  of  these 
I  a  l)elt  of  Silurian  strata,  while  at  the  center,  near  the  Iowa  line,  are 
>und  shales  of  Devonian  age.  At  the  base  of  the  C'ambrian  is  a 
lick  and  heavy  sandstone,  nearly  always  yielding  abundant  artesian 
Hter,  over  which  lie  a  succession  of  dolomites,  shales,  and  sand- 
ones,  one  of  the  latter  of  which — the  Jordan — gives  artesian  water, 
'le  New  Richmond  sandstone,  at  the  base  of  the  Silurian,  and  the 
•  I*eter  sandstone,  farther  up  in  the  same  series,  also  yield  artesian 
^ters,  but  in  the  Silurian  dolomites  and  limestones  and  in  the 
*vonian  shales  water  is  rarely  present  in  any  amount. 
'V  second  important  artesian  area  is  situated  along  Red  River  Val- 
\  where  artesian  watc^r  is  obtained  both  from  the  Cretaceous  and 
►111  the  underlying  Silurian  and  Cambrian  rocks.  Several  local 
'<^:^sian  basins  occur  elsewhere  in  the  State,  and  the  drift  in  many 
stances  yields  flowing  waters.  The  water  of  the  drift  is  generally 
><i,  except  in  the  western  portion  of  the  State,  where  the  Cretaceous 
i.le  incori)orated  in  it  gives  it  an  alkaline  quality. 

Phe  well  data  in  the  following  table  were  in  part  gathered  during 
^  investigation  of  the  water  resources  of  Minnesota  by  the  writer, 
t  the  county  descriptions  in  volumes  1,  2,  and  4  of  the  Annual  Report 
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on  the  Geology  of  Minnesota  have  been  largely  drawn  upon.  The 
latter  material  was  collected,  prepared,  and  published  at  intervals 
from  1873  to  1899.  During  the  prosecution  of  that  survey  the  State 
was  extensively  explored  and  avast  amount  of  information  gathered. 
Well  data  constituted  a  fair  share  of  the  material  obtained,  but  were 
presented  in  disconnected  notes  and  miscellaneous  references  scat- 
tered through  many  volumes  of  the  annual  and  final  reports  of  the 
survey.  These  data  are  now  brought  together  for  the  first  time  and 
combined  with  those  obtained  by  the  writer  in  recent  investigations 
into  tables  presenting  summaries  of  the  shallow  water  conditions  in 
Minnesota  as  they  are  now  known. 

The  authors  of  the  county  descriptions  are  N.  H.  Winchell,  State 
geologist,  from  the  beginning  to  tlio  close  of  the  geological  explora- 
tions, Ulysses  S.  Grant,  Mark  W.  Harrington,  James  S.  Todd,  a^^ 
Warren  Upham,  assistant  geologists.     Their  names  stand  at  the  he»^ 
of  the  chapters  for  which  they  are  severall}"  responsible;  so  no  furtl^^^ 
reference  will  be  made  to  authorities. 

It  should  be  said  that  Volume  I  of  the  Final  Report  on  the  Geolr^  ^ 
of  Minnesota,  contains  descriptions  of  Bigstone,  Blue  Earth,  Bro\^^' 
Cottonwoo<l,  Dodge,  Faribault,  Fillmore,  Freeborn,  Houston,  Jacksc  ^ 
Lac  qui  Parle,  Lesueur,  Lincoln,  Lyon,  Martin,  Mower,  Murr^^^ 
Nobles,  Olmsted,  Pipestone,  Redwood,  Rice",  Rock,  Steele,  Was 
Watonwan,  Winona,  and  Yellow  Medicine  counties;  Volume  H, 
Anoka,  Becker,  Benton,  Carver,  Chippewa,  Chisago,  Clay,  Crow  Wi 
(in  part),  Dakota,  Douglas,  Goodhue,  Grant,  Hennepin,  Lsanti,  Ka 
bee,  Kandiyohi,  McLeod,  Sleeker,  Millelacs,  Morrison,  Nicollet,  OiX^^ 
tail,  Pine,  Pope,  Ramsey,  Renville,  Scott,  Sible}^  Sherburne,  Steari 
Stevens,  Swift,  Todd,  Traverse,  Wabaslia,  Wadena,  Washingto:: 
Wilkin,  and  Wright,  and  Volume  IV,  of  Aitkin,  Beltrami,  Carlto 
Cass,  Cook,  Crow  Wing  (in  part),  Hubbard,  Itasca,  Kittson,  Lak^ 
Marshall,  Norman,  Polk,  Roseau,  and  St.  Louis.  Several  oountic:-^ 
have  been  organized  since  the  publication  of  the  reports  named,  bi^ 
their  area  is  included  in  those  enumerated. 

The  shallow  wells  of  the  State,  as  a  rule,  obtain  their  water  froi^ 
the  Glacial  drift.     In  southeastern  Minnesota,  ^vithin  the  so-callec 
Driftli^ss  Area,  water  comes  from  the  residual  sheet  or  from  some  onti 
of  the  sandstones  whi(;h  happens  to  be  nc^ar  the  surface  at  the  i)artic- 
ular  locality  of  the  well.     In  western  Minnesota,  at  depths  varying* 
from  40  to  !/)()  ^Qx^i^  the  underlying  rocks  are  struck.     These  are  Cre- 
taceous shales  and  sandstones  which  stretch  eastward  in  more  or  less 
continuous  beds  from  the  extensive  fornmtions  of  the  Dakotas,  or  the 
deepiM*  Paleozoic  and  pre-Paleozoic  formations  stretching  westwanl 
from  the  Great  Lakes  region.     Throughout  the  northern  portion  of 
the  State  the  pre-Cambrian  crystallines  form  the  floor  to  which  wells 
reach  far  more  frequently  than  they  do  to  pre-Glacial  mat-erial  else- 
where in  the  State.     This  is  because  of  the  thinness  of  the  drift. 
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drage  depfih  of  the  pre-Glacial  rocks,  judged  by  well  reoords  at 
is  near  20  feet. 

statistics  show  tiiat  in  every  jwrtion  of  the  State  water  is  whole- 
nd  of  good  domestic  quality.  Certain  exceptions  appear,  but 
ire  due  to  local  conditions,  as  is  shown  by  the  well  records 
dves.  The  *' offensive''  waters  are  in  those  i)ortions  of  the 
nrhere  the  underground  circulation  is  sluggish  and  the  com- 
rely  recent  deposits  are  loaded  with  oi^anic  matter.  Hardness 
e  a  variable  character.  There  is  reported  a  marked  difference 
end  hardness  between  the  northeastern  and  southeastern  por^ 
and  the  waters  of  Red  River  Valley  seem  to  vary  even  with  the 
alar  layers  affording  the  supply. 

porousness  of  the  drift  and,  in  southeastern  Minnesota,  of  the 
laiy,  the  wash,  and  the  loess  assures  the  well  borer  of  almost 
ite  certainty  of  success  in  his  search  for  water. 
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NOTES  OK  DEEP  WELLS  OF  UmmmOSA.  ' 

Ka  8.  EleTaltoi,  I41I  feet    Qranite  at;  488  feet  froia  liie  muhtem. 

No.  18.  The  electzic-light  plant,  Myer  Brothen*  Fonadzy,  and  tiie 
Works  also  have  flowing  wells,  the  water  coming  from  thefizst,  second,  sad 
sands. 

No.  16.  The  water  of  this  well  has  been  condemned  by  the  State  boaidctf 

No.  18.  Said  to  be  l^e  only  deep  well  in  the  coonty  in  1908.    The  watori 
nnnsoally  fine. 

No.  29.  Water-bearing  lasrers  were  enconntered  at  180, 868, 800, 960, 1,800,  U 
and  1,700  feet.    There  are  nnmerons  wells  from  120  to  880  feet  deep 
Moorhead  and  Fargo,  which  prodnce  excellent  water,  rising  to  witibin  a  fefw 
of  the  sorfaoe. 

No.  88.  The  Windsor  water  supply  is  obtained  by  a  system  of  widls.   A 
wen,  16  feet  in  diameter  and  18  feet  in  depth,  was  sozJc.    It  is  lined  with  bak] 
and  has  a  concrete  floor.    Through  this  floor  are  a  series  of  small  pipes  driven  to 
a  depth  of  76  feet  from  the  sorfaoe.    The  water  rises  throngh  these  smsll  pipa 
and  fills  the  large  well  to  within  a  few  feet  of  the  top. 

No. 88.  OtherwellsreportedatlnyerGroyeare  100,118, 12O,14O,andl68feetde0p. 

No.  89.  A  well  145  feet  deep  is  also  reported. 

No.  66.  Other  weUs  reported  are  150,  160,  and  880  feet  in  depth.  A  w6kvi 
found  at  abont  200  feet. 

No.  64.  Other  deep  wells  at  Bed  Wing  and  yidnity  are  owned  ss  folloirB: 
CSdoago  Qreat  Western  Railway,  La  Ghrange  Mills,  Simmons  Milling  Company  (2), 
G.  A.  Carlson  (2),  Linseed  Oil  Mills,  Red  Wing  Malting  Company,  Minneeota 
Malting  Company,  Red  Wing  Brewery,  Red  Wing  Sewer  Pipe  Ccnnpany  (2), 
Minnesota  Stoneware  Company,  Red  Wing  Gas  Company,  August  Peterson,  G.  A. 
Sargent,  and  William  Danf  orth. 

No.  94.  Deep  wells  similar  to  the  city  well  are  owned  by  the  Marshall  Milling 
Company,  Chicago  and  Northwestern  Railway,  Marshall  Cemetery,  D.  D.  Forbes, 
and  J.  G.  Schutz.  There  are  upward  of  20  within  a  radius  of  5  miles.  Soft  water 
can  usually  be  obtained  at  about  250  feet,  but  it  does  not  generally  flow,  although 
it  comes  very  near  to  the  surface. 

No.  118.  There  are  four  other  deep  wells  in  St.  Peter  besides  the  hospital  well- 
city  pumping  station,  Sackett  &  Fay  Mill,  Engasser  Brewing  Company,  and 
EQoss  (gardener  and  florist) .  All  of  these  wells  are  approximately  400  feet  ii^ 
depth  and  give  a  good  flow  of  water. 

No.  117.  Another  well  at  the  Fergus  Falls  hospital  is  354  feet  deep  and  is  locate^ 
about  15  feet  from  the  one  in  the  table. 

No.  122.  After  drilling  this  well  the  water  forced  its  way  up  along  the  outsid-^ 
of  the  casing,  carrying  out  large  amounts  of  earthy  material.  The  casing  finall^^ 
sank  from  sight  into  the  ground,  which  continued  to  cave  about  the  hole  un*^ 
eventually  a  depression  12  feet  in  diameter  was  formed,  from  which  issues  ^ 
stream  flowing  40,000  barrels  in  twenty-four  hours. 

No.  171.  Other  wells  at  Plainview  are  as  follows: 


Depth. 

Depth  to 
rock. 

Depth  of 
water. 

Depth. 

179 
214 
205 
220 

Depth  to 
rock. 

42 
21 

28 
40 

Depth  of 
water. 

207 
303 
276 
258 
282 

93 
36 
38 
36 
42 

135 

160 

45 

41 

45 

10 
54 
70 
50 

MINNESOTA. 

•Well  recordu  in  Ijyon  Cinmty,  Minn, 

[Bvported  b]r  J.  E.  T<>dd  In  ISUS.] 
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John  Ij!(ler  . .     .. 
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J.O.SlinlU 
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HBnhHllimillwplI 

Henry  Prini^  

Jslie  EBBtmau  . . . 
WnttFnllor  .  .  .. 
T.  iind  iT,  JpBwn, 
8.  D.  Forbm.... 
G.T.  Walter..  . 
Fred  Warderlinli 
Cluu.  De  YoH . 
J.P.PIenrd    .._. 
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NOTES  ON  WELLS  OF  LYON  COUNTY.  MINN. 

1.  EJlevation,  1.3W  feet.     Penetrated  ttrftiite.  (1  inchc'S. 

9.  PreBsnre,  61  ponmls. 

13.  PreBsnre.  TO  pounds.  It  in  aaid  that  water  will  flow  l(il  feet  iilK)ve  the 
X.  Record:  Blue  clay,  sandy  Btreaks.  fi-')  feet:  light-colored  soapHtune 
k?),  90  feet;  dark  soapetone.  DO  feet:  black  sand  and  shale,  with  some  white 
-lite  ntaterisl,  soft  water.  20  feet:  Noapatone,  130  feet:  Kandetone,  giving 
hard  flowing  water,  6  feet. 
,  18.  Preaaore,  47  pounds. 

SPRINGS. 

rings  occur  tliroiighoiit  the  State,  but  are  largely  fiom  tlio  drift 
of  amall  size.  In  the  river  valleys  cutting  into  the  rocks,  espe- 
y  in  the  southeastern  portiiin  of  the  Stat*,  rock  springs  are  not 
immon,  but  are  commonly  Mniall.  The  softest  waters  are  found 
le  northeasteni  portion  of  the  Stati'.  Those  in  the  southeast  are 
.,  while  in  the  region  of  the  Cretaceous  shale  in  the  western  por- 
ot  the  State  they  are  freyiiently  both  hard  and  aVs&\\u«. 
aKl<S-04 SI 
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Miscellaneous 

[Bepartfldl 


Locality. 


No. 


(V)unty. 


Town,  township,  or 
post  -ofWre. 


Owner. 


1     Becker . 


3 


Benton. 
do.. 


4  1  Bigstone 


♦5  j 
6  I 


Blue  Earth. 
Brown 


do 


8 

9 

10 

11 

•12 
18 

14 

15 
♦16 

♦17 
18 

19 

20 

♦21 
22 

23 
24 
25 
26 
27 
28 

2» 

♦30 

31 

32 


-do 


3 
2 


o 


I  "      t 


Tnik- 
pen- 
ton. 


Gilmanton. 
May  wood . 


F.B.CTiapen i    i:»     41 

i         I 

Unknown i l  £6 

j  t 

do 


26        10 


F<i8ter. 


Mankato . . 
Sleepyeye. 


O.  W.  Peterson 


McPetoraon  &  Co 
Martin  Sieg 


Home I  Unknown 


.do 


Oarlton 


New  Ulm 
Stately... 
Mahtowa 


Carver !  San  Francisco 


B.  Marshner . 
Unknown  . . 
Gust.  Strom . 


123  '  48 


33'     50 


1(»  I  SU 


a  


48  I  18 


25  I  Cold. 


Crow  Wing. 
Faribault... 
Goodhue 


Aitken . 
Kiester. 


Mr.  Nelson 

Unknown  . 

do 


135  ;  26 


611 


Grant 

Hennepin 


do 
do 


Minneapolis 


do 
do 


Miss  N .  Erlandsoii 

01enwood-InglowfK)d  Co. 


128  :  43 


34 


do 

Unknown 


do 


do 1  Hoveral 


.do 


do 


m. 


do St.  Anthony  '  Unknown 

Houston Caledonia 


do Ricefoi'd Unknown 

JackAon Jackson* Peter  Eveson  .    1(12 

Kanabe<; Brunswick Andrew  Cend.stroni 38 

do ;  Unknown 39 

do '  Isaac  Staples 39 

Lesueur '  Ottawa Unknown 


:i"> 

11 

24 

31 

23  : 

NW 

24 

21 

4*^ 


do 


Lincoln '  Lake  Benton. 


Lyon Custer 


I' 


.do I  MarHhall 


do 

do 

do 

Schntz  &  Fuller 


no 


42  i 


19 


♦  See  notes  at  end  of  thi»  table. 
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in  Minneaota. 


Uty. 


Voloine  (flir- 

ares  indicate 

gallons  per 

minnte). 


ron,  sal- 


2-inch  pipe... 


Material  from 

which  spring 

issaes. 


UHes. 


Blue  clay. 


Remarks. 


No. 


Iron  deposit  about 
spring. 


2 
3 


eate 


ron 


iS  .. 
ron 


x)d. 


»od. 


on  -. 

eate 

rare. 


?ood. 
c 


eate 


''ater. 


eate,  or- 


'^ater. 


eate 


eate 

eate, etc 
•eate 


50. 


Sandstone,  etc 


12 Medicinal 

Drift Drinking,  stock 


Very  large. 


do 


Good  flow. 


Oopions 


Hand Runx  small  mill. 


Drift 


Gravel 8t<x;k 


Till Drinking,etc, 

Stock 


Shales  of   St 

Croix  formation 

Not  from  rock...    Drinking 

Gray  clay Medicinal.shipped 


West  bank  St.  Francis 
River. 

Iron  deposits;  mo- 
dicinal  properties. 

Bottled  and  shijiped.     *5 

Iron  deposits:  other  ,     6 
springs  in  vicinity. 

Big  Spring;  enough 
water  to  run  grist- 
mill. 

Several  other  springs      8 
in  vicinity.  I 

Several  springs  along      9 
Mound  Creek. 

Ilmerges    at   many      10 
places  over  i  acre. 

Several  springs  along     11 
Bevens  Creek. 

Iron  deposits *\2 

18 

U 


do 


do 

Medicinal 


Many  springs  along 
streams. 

From  hillside 16 

Inglewood  Springs,     *16 
m  valley  of  Basse  tt 
Creek. 


Top  of  Mhalo  btxl 

Many Subterranean     Used  at  mills . 

Htreanis. 


do 


do 


Glen  wood  Springs  . . 

Great    Medicine 
Springs,  a  few  miles 
west  of  city. 

Several  springs  be- 
low University. 

Swamp  south  of  city . 

Swamp  east  of  <;ity . . 

From  St.  Lawrenco 
limestone. 

do 


(Tiiy Drinking,  Hto<'k 

40 Gravel 

Notably  larj^e 

Copious 


Many Subte  r  r  a  n  e  a  n 

stream    from 
lime.stfine  bluff. 

do Subte  r  ra  iiean 

streuiii'^. 

Bottom     and 

sh<»res  of  lake. 


•17 
18 

19 

20 

♦21 
22 

23 

24 

From  hillside 25 

Along  Spring  Brook .     28 

27 

28 


Frequent  springs  in 
eounty. 

Many  springs 


29 
♦30 


are. 


UH). 


ShiuI.  ^Tsivt'l Village  supply 


S«mth    Branch  Cot-  i    31 
tonwood  River. 


Transiwrted  in  bar- 
rels. 


33 
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■^piSfflS"'" 

OWMT. 

LocUty. 

s 

Hd 

1 

1 

1 

m 

« 

n 

w 

TW 

, 

AwWi. 

P'.F.t.'wiiinli]^ 

" 

(hd 

M 

— .*> 

to-  —  - 

do 

Umal*k« 

Honlmn 

Monsy- -— 

Walnut  Grave 

do 

do.  

—  -do -. 



11 

u 

—" 

ChOiawK 

.....do. 

n 

do 

,, 

do 

IK 

do 

-Witaldo" 

W5 

It 

Cen- 
ter. 

Dnld 

61 

Plpartooe - 

Bdiin 

0«l»n» 

do - 

do 

.« 

M 

Blshl^Dd  Spring 

' 

B.aw<»d 

m 

M 

.... 

BwiredHwrt 

Boiwn 

A.J.Comirt<»k. 

161 

w 

,. 

BooU 

do 

n 

EnstoOTeek 

d..    

.... 

-1 
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lesoia — Continned. 


Uty. 


Volame  (flg- 

aree  indicate 

gaUoosper 

minute). 


Material  from 

which  spring 

iasueB. 


Uses. 


Remarks. 


No. 


.1 


Sand Farm Forms  pool  10  by  20 

feet. 

Underground   Several    springs 

streams.  above  level  of  Elast 

Chain  Lake. 


83 
S4 


Large 


Medicinal 35 

Travertine  forming      98 


springs. 

M  e  d  i  c  i  iial  ,     Trio-Siloam  Spring  . 

shipped. 

mt Several  along  bluffs 

of  Des   Mo i n e 8 
River. 

»eate ! Mounds  of  ocherous 

mud,  ao  feet  in  di- 
ameter,)! feet  high, 
I  deposited. 

ant I ' BluflPof  Des  Moines, 

River. 

Several  alons  Cha- 
I      narambic  bluffs. 

Bluff  of  DesMoines 

11  I      River. 

olphur ' Several  springs 

' 40  feet  above  river  .. 

! ' Numerous    spriugs 

I  j  from  river  bluffs. 

ent • Several  fromCham- 

pepadan  bluffs. 

Few  from  Champe- 

I  padan  bluffs. 

Several  from  Kana- 

ranzi  bluffs. 

do 


•on Large Sandstone Drinking Sev«ral     springs; 

'  somewater 

8hipi)ed. 

il,  »ul-  ' Proljably  till Two  springs  north- 

w-«tof  Split  Rock 
Ch-ftek. 


chalyb- 


.do Tufacoous  depositw. 


il 


Several Drift  (? > 

do 


Three  other  springH 


wi'hin 


Der  spr 
a  milt'. 


Sold 


pure 


Drift GiveH  stream  3  feet 

wide  and  H  inches 
deep. 

Drift  (?> St<M^k    From  hillside:  many 

Hpinngs  along  Min- 
nejota  River  i>luffs. 


do 


iron 


87 

38 

89 

40 

41 

42 

43 
♦44 
♦46 

46 

47 

48 

49 

50 

51 

52 
53 

54 

55 

56 

57 

58 


PotKdani  forma-    From  bassw:  of    the 

tion.  'mound.' 

1 Drift  (^> Farm In    valley:     several      59 

other    Hprings 
aloug  Bear  Creek. 

_ From  bluff  near  river     60 

I'nfailinif RunH  mill  (head     li  milt  s  east  of  Sha-      61 

I  10  feet).  kope«5. 
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99ota — Continiied. 


ty. 

Voliune  (flff- 

nree  indicate 

gaUonsper 

minute). 

Haterial  from 

which  spring 

ifimee. 

•ar 


ar 


\^  86n> 


Remarks. 


No. 


Drift 


Drift 
Clay. 


Runs  mill  (head 
16  feet). 

SnpplieB  mill 
pond. 

Stock I  Sand ccated red;  also'  •B* 

blue  Bodiment. 

66 

06 


Large 
do 


Drift Farm 

do 


West  of  Briggs  Lake 

Dairy.  Htock. etc.     Six  snrings  from 

bluffs. 

Nine  springs,  four 
deixMnt  iron,  one  a 
bluish  substance 
(Anal.,  Geol.  and 
Nat.  Hist.  Surv. 
Minn.,  7ol.  l,p.4Qe, 

m^isHg). 


Sereralsprings  unite 
to  form  creek. 


In  tamarack  swamp. 

I  Iron  deposit;  several 

other  iron  springs. 

.iron I  Mineralized    moss 

common. 


67 


.etc 


»eate. 


Home  are  medici- 
nal. 


Several  sprtngs. 


68 
*«» 

70 
71 

•72 

♦78 

74 


St.  Gkibrlelle  springs;     75 
other  less  pronS- 
nent  sprhigs. 


a ' Peat  lK>g. 


Water  from  St.  Croix 
sandstone  ( Anal. , 
Oeol.  and  Nat.  Hist. 
Surv.  Minn.,  187»- 
1888.  vol.1,]).  204). 


76 
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NOTES  ON  SPRINGS  OF  MINNESOTA. 

No.  5.  Analysis  by  H.  M.  Hill: 

AnalyHis  of  nxiter  of  spring  at  Maiikaio,  Minn, 

[Parts  per  million.] 

Sodinin  chloride _ 5.1 

Sodinm  sulphate _ IT.* 

Potassium  sulphate .    85.8 

Sodium  phosphate 2.S 

Sodium  bicarbonate - 112.7 

Calcium  bicarbonate _ 35.5 

Mi^gnesium  bicarbonate 137.0 

Iron  bicarbonate .- 18.4 

Barium  bicarbonate Trace. 

Silica 36.8 

Alumina 14.8 

Total --. 410.8 

No.  12.  Another  mineral  spring  is  located  on  NE.  i  of  sec.  9,  T.  135  N.,  R. 30  W., 
about  12  miles  northwest  of  Pillager,  on  the  Northern  Pacific  Railroad.    This 
spring  is  much  larger  than  the  one  in  the  table.    Its  volume  is  sufficient  to  make 
quite  a  stream  at  the  start.    The  water  is  strongly  impregnated  with  iron  aa^ 
makes  a  red  deposit  about  the  spring.    There  are  several  other  good  springs  in  the 
county. 

No.  16.  For  analysis  see  Geological  and  Natural  History  Survey  of  Minneeot^^ 
volume  3,  page  309. 

No.  17.  For  analysis  see  Geological  and  Natural  History  Survey  of  Minnesota  ^ 
volume  3,  page  310. 

No.  21.  For  analysis  see  Geological  and  Natural  History  Survey  of  Minnesota  :^ 
volume  3,  page  308. 

No.  30.  Many  springs  are  located  on  the  southwest  shores  of  Lake  Benton,  and 
some  at  the  west  end.  A  few  also  rise  from  the  l)ottom.  The  water  is  generally 
pure  and  cold,  but  s  )ine  of  it  is  too  high  in  mineral  matter  for  domestic  use. 

No.  44.  Springs  along  the  river  bluffs  in  many  townships  in  this  county. 

No.  45.  One  spring  in  this  vicinity  has  cut  for  it.self  a  ravine  now  occupied  by  a 
woods  of  old  growth. 

No.  64.  Faribault  springs  have  been  somewhat  lower  in  the  last  ten  years  than 
previously.     Other  springs  carry  nearly  the  same  amount  of  water. 

No.  00.  For  references  to  * '  Big  Spring ' '  see  Geological  and  Natural  History 
Survey  of  Minnesota,  volume  2,  page  570. 

On  the  east  shore  of  Sauk  Lake,  about  half  a  mile  north  of  Pangbum  &  Moore's 
brickyard,  a  large  chalybeate  spring  issues  20  feet  from  the  lake,  into  which  it 
pours  a  stream  1  foot  wide  and  3  inches  deep.     It  is  on  the  land  of  Aaron  Doty. 

There  are  quite  a  numl)er  of  strong  chalybeate  springs  in  this  coiuity.  .some  of 
which  deposit  some  iron.  A  large  spring  of  clear,  cold  water  occurs  near  the 
town  of  Bruce,  while  smaller  springs  are  found  at  many  points. 

No.  72.  The  springs  of  this  county  are  generally  quite  alkaline,  with  bitter  or 
saline  taste.  Many  occur  along  the  shore  of  Lake  Traverse,  most  of  which  are 
ferruginous  and  very  hard.  In  some  of  the  springs  a  white  sand  ])oils  up  with  the 
water. 

No.  73.  Sulphur  8i>rings  with  cathartic  i>roperties  are  located  half  a  mile  north- 
east of  Wadena,  while  excellent  cold  springs  occur  at  Shell  City,  in  the  northern 
part  of  the  county.     (See  Geol.  and  Nat.  Hist.  Surv.  of  Minn. ,  vol.  2,  p.  579. ) 


LOWER  MICHIGAN. 


By  W.  F.  CkX)PER. 


Geologically  speaking  the  lower  peninsula  of  Michigan  is  structur- 
ally a  great  oval  basin  of  Carboniferous  and  older  rocks.  The  geo- 
gn^hic  center  is  in  Gratiot  County,  about  50  miles  north  of  Lansing. 
Toward  the  basin  the  rocks  dip  from  all  sides.  They  are  mainly  of 
Oarbottiferons  age,  but  a  rim  of  DevoniaTi  rocks  extends  along  the 
Hidiigan  and  Huron  shores  from  Mason  County,  on  the  shores  of  the 
tonner,  to  Alpena  County,  on  the  latter  lake.  Small  areas  or  strips  of 
Deyonian  rooks  occur  along  the  rim  of  the  coal  basin  in  the  extreme 
aontheastem  and  southwestern  i>ortions  of  the  State.  A  few  dolo- 
oiitic  and  other  beds  of  Silurian  age  also  occur  at  the  extreme  north- 
oni  tip  of  the  peninsula  and  along  the  shores  of  Lake  Erie,  to  the 
southeast. 

>VELLS. 

Rock  waters,  largely  brine  or  mineral  waters,  are  obtained  at  many 
points,  especially  from  the  Marshall  sandstone  of  the  Carboniferous. 
Brt lies  from  the  Berea  grit  of  the  Carboniferous  and  from  the  Monroe 
dolomites  of  the  Silurian  are  common.  Fresh  waters  are  also  obtained 
fix^in  the  Marshall  and  Monroe  formations  and  occasionally  elsewhere. 
The  greatest  supplies  of  fresh  water,  however,  are  obtained  from  the 
luusonsolidated  deposits  of  glacial  drift,  including  the  tills,  sands, 
gravels,  and  clays.     In  the  drift  the  conditions  change  rapidly,  and 

although  many  flowing  wells  are  obtained  the  result  of  a  boring  can 

not  in  many  instances  be  told  in  advance. 
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45 


Cold. 

45 

Cold. 


[gravel 


48 
46 

Cold. 


-(» 


2,400 
3 

Many. 


Many. 
Many. 


Many. 
Many. 

1,000 


Many. 
Many. 


sand 


Quality. 


Hard. 
do 


do 
do 

do 

do 

.do 


How  obtained 
where  used. 


UaeH. 


,No. 


Pump 
do 


AirUft 


Pomp 

Force  pomp 
Windmill  .. 


Domestic 

Farm  and  house 

fChemical    works 
\   and  blast  furnace. 

Town  supply 


1 
2 


}" 


Hard... 
Medium 


Domestic 

Town  supply . . . 

do 

do I  House  and  farm 

do 1  Domestic 

do Farm 


I 


Hard ! do 


do 


Steam  pump . 
Hand. 


Domestic 
do  ... 


WindmiU 
do  ... 


Many. 
Many. 


do 

do 

do 

do 

do I  Pump 

do do 

Soft Windmill  .. 

Hard  . . .' '  Hand  pump 


aand^ 


+23 


-91 


V)  I  Medium '  Flow 


do 

do 

do 

Farm 

do 

do 

Domestic 

House  and  farm 
General...^ 


Many. 
9 


ndsand 


+0 


-)<) 


Hard Windmill 

do do 

do 


Domestic 
do  ... 


Hard :  Flow 


Drinking 
Dome«tic 


Iron Windmill 


House  and  farm . 


."il) 


:\ 


5 
6 
7 
8 
9 
10 
11 

12 

18 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 

2B 

27 

2« 


1 gravel 


i  gravel 


+11) 
-3 

+  12 
+25 
+24 
+  1H 
+25 

+:« 

+  M 
+35 


:4N) 


r*\ 


Soft  Hou8e.    farm,  and  . 

fifth  pond. 

Mineral Pump Bottling ♦29 


Hard 


:«) 


Hi 
4<J 


3s 


IS 

l.V) 
am 


Hard,  alkaline 


Town  ftupply 31) 


Not  u.sed. 
BoilerH . . . 

Hard    General.. 

do Domestic; 

Soft do  .. 

Hard    do 

do 
do 


31 

:^ 
:« 
•M 

35 

3a 

:» 

39 
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igan — Continned. 


ftterialin 
ich  water 
oocnn. 

Height  of  water  above 
(+)   or  below   (-) 
month  of  well. 

a 

1 

'>F. 
48 

Supply  per  minute. 

Quality. 

1 

How  obtained 
where  used. 

I 

Usee. 

1 
No. 

i  and  gravel 

Feet. 
+40 

Oal». 
125 

Hard,    various 
minerals. 

Hard 

Domestic 

40 

41 

+25 

1 

do 

Domestic 

42 

vel  and  sand 

+35 

44 

200 
100 
300 

Medium 

Drinking 

43 

d 

BHri\ 

44 

do 

Garden,  etc. 

45 

1 

1 

Medium 

46 

i 

+85 
-16 

FAi>d 

- 

Club  house 

47 

do 

Windmill  .... 
do 

Domestic 

48 

land  gravel 

-12 

do 

49 

Not  used 

60 

I 

180 

Many. 

150 

Hard 

Domestic 

do 

61 

eel '  +27 

48 

do 

52 

lo '  +18 

68 

1  +aD 

H»rd 

Domestic 

64 

_ '  +20 

48 
. . . 

48 

150 

Many. 

40 

do 

do 

65 

+11 

Soft 

do 

66 

+8 

do 

Qommercial    and 
medicinal. 

Farm 

•57 

do 

58 

Lstone —35 

do 

Pump 

Domestic 

50 

-23 



Mineral 

Not  used 

HO 

L 

Hard 

Windmill  .... 

Farm 

Salt 

Domestic 

Farm 

61 

'el 1 

62 

1 
I 

Hard 

do 

Windmill  ... 

P\imp 

Windmill 

68 

rel 1  -22 

64 

-40 
+8 
+6 

+  10 

+22 

4.5 

«0-7l) 

.12 

Cold. 

1 

4  + 

u 

10(1 

Soft 

Hard,  mineral  . 

65 

land  gravel 

d,    gravel 
d  rrx!k. 

Pump 

Domestic;  resort. 

House   and  green - 
house. 

Public   drinking 
fountain. 

Public  waterworks. 

do  

•66 
67 

Soft  .        .                   

68 

do 

•6» 

rel 

do 

70 

Istone +8 

Alkaline      ..  ..      

Hospital 

Public  drinking 
fountain. 

Domestic    

•71 

It +3 

72 

-10 

Hard 

Pump 

73 

Not  used 

74 

land  gravel 

+3 

+2 
+  24 

1 

Farm 

75 

Domestic 

76 

istone 

- 

Hard 

Pump 

.  do     

77 

1. 

•78 

io 

i 

•79 

io 

li 



•80 
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Midiiffan — Ckmtiimed. 


Material  in 

which  water 

occnrv. 


Hftnd 

SuidandgrraTel 


F^t. 


-30 


-108 


K 

a 


'F. 


5 

o 
a 

Pi 

P 


Qnality. 


How  obtained 
where  uned. 


Uses. 


No. 


Gals. 


Hard 


Sandandfo^Tei:   -18 
Soft  gray  shale 


Sand  and  ffrarel.  +S0 


.do 


+0 


I 


<*l»vel j  +M 

^^ndandffraTel   +15 

+14 


t 

1 


\ 


^mnd  and  gravel;  +10 

O-Tavel ;  +14 

gravel j  +18 

C*raTel —6 

^^ed  sandstone .     —5 

^^^ock -4 

S^«ndstone +10 

oarse    sand-!  +10 
stone. 

-D! 

+1 
-17 
-26 

+8 
+14 

-1* 
-143 


45 

Cold. 
42 

45 

42 
88 
70 


.do 

do 

.do 


Windmill 


do 
do 


Domestic; 


Honse  and  farm . . . 

do 

Domestic 


Sulphur Fish  hatchery 


Hard 
Soft  . 


Railroad  tankH 


«i 


10 


Many. 


Hard,  Kulphur 
Soft 


Iron    and    sul- 
phur, hard. 

Mineral 

Little,  hard... 
Soft 


Domestic,  farm, 
and  trout  hatch- 
ery. 

House  and  farm 

Domestic 

do 


do 

House  and  farm. 
do 


l.'iO 


Hard,  iron Windmill 

Hard Pump  ... 

Salty ! do... 


Public 

House  and  farm . 


54    ■  Iron,  sulphur. 


Drinking 
Domesti<: 


.'I 


^^ndstone. 

- do 

,  -    do 

^and 

Sandstone. 

do 

^and 


20 


:«) 


'    ^iand  and  rock  . 
I   CHay  and  gravel 


I 


+  4 
+  1 
+0 


Mild 
Cold. 


Soft 

Hard 

do 

S<^ft 

Iron 

Soft 

Sulphur  . . 
Hard 


Windmill 


Hand  pump 
Windmill  .. 


2    do  . Pump 

S<*vor'l|  Sulphur 


Watering  Htxxjk 

do 

Domestic 

Watering  sttx'k  . 

Fa<-tory 

Lawn 

Public 

Hou.se  and  farm . 

Farm 

Domestir! 


1 
<52 


Drift 


Bud 


I 


+24 

-62 

-5:^ 


:iiK) 


C^jld.     Many. 
Cold.  '  Many. 


Soft 

Hard 

- Pump  ..... 

«i<) 

Hard 

Hand 

Hard Hand  pump 

do Pump 


Bryant  Paper  C'o 
Luml)or(?anip... 
Houses  and  farm . 
Farm 


•81 

•82 

83 

84 
86 
86 

87 

88 
♦89 

90 
91 

92 

96 
94 
96 

96 

97 
98 

99 

100 
•101 
102 
108 
KM 
105 
106 
107 

108 

109 

110 
111 
112 
113 
114 
115 
116 
117 
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Wrll  n 


..do.. 


.;  sterling    . 


Meoosta 1  BodlWj  .. 

XliUaDd j  ATBreU  .. 

<lo I  Jaaper  -.. 

do I  llldlmnd  . 


11!  I  UontcKlm.. 


,.Ao.. 


do -I  Orore 

do ProTomont. . . 

do I  Bberldon 

OftkUnd I  Detroit 


T  1  C.A..Kckard 
P.A.Doyle. 
Wm.WioteTB 
Hilii  Quirk... 
John  Klaaoi 

.Snoden 

lire  Lnmber  Cu 

.......  a£  '  ciiiis.Bort 

3;  13    ti.  V!lla«e 

SI  IM   ....    C.J.VaniMtter  .. 

..]....,....■  PinlBnteUB 

In  nlry.     '  Olrmirtk  B«th  On. 


PraakOUrer 

DkrldHoteU 

J.P.WrlBhtlnnnm- 
•bor  of  Trolls  I. 

J.B.Odell 

Vill>«e... .  . 

L.Qerber'BSaDi.... 

O.F.Onok 

Florence  it.  VhltOald 

J.R.Odell 

John  Bitlolph . 


.lElbridgB 

.  Hurl. 

e  note*  at  eed  of  tbia  table. 


JOIinKixon 

JnbnV.Heth... 

J.H.Cbrt«r 

^duna  Bkyler . . 


rri 


7™ 

TBO 

110 

«> 

ESS 

100 

140 

» 

lis 

K 

US 

LOM'EB  aCICHIOAN. 
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n — Conliiiaecl. 


ialin 

water 

ira. 

Helght  of  water  above 

(  +  )  or  below  (-) 

month  of  well. 

Temperature.                i 

1 

Supply  per  minute. 

• 

Quality. 

1 

How  obtained 
j   where  used. 

1 

Uses. 

1 

General 

Farm 

do 

No. 

Feet. 
-50 
-46 
-20 
-24 
-2* 
-35 
+10 
-80 

+1* 

4-7 

+8 

op 

46 
Cold. 

56 

Cold. 

Cold. 

56 

45 

GaU. 
Many. 

Many. 

5 
Few. 

Many. 

Hard 

do 

Soft 

do 

Hard 

Soft 

Hard 

do 

Soft 

do 

Soft,  iron 

Slightly  alka- 
Ime. 

Hard 

1 

Pump 

do 

Windmill  .... 

do 

Hand  pump . . 
Pump 

Hand 

1 

118 
119 

120 

• 

HouHe  and  stock  . . . 

Stock 

Domestic 

121 
122 
128 

Town  supply 

Farm 

124 
125 

. 

General 

12R 

Domestic 

127 

General 

128 

Medicinal 

•129 

-6 

+2' 

+2 
-42 
-87 

-6 
+14 

-7 

-80 

Pump 

Domestic 

House  and  farm 

do 

180 

Soft 

181 

HiLrd 

182 

...  .do 

Pump 

Hand  pump . . 
Pump 

General 

188 

Soft 

Domestit' 

184 

45 


Many. 
50 

1 

Many. 
Many. 

do 

do 

185 

Igrarel 

Hard 

Farm 

186 

Soft 

Windmill  .... 

Domestic,    medici- 
nal. 

Running 

Sawmill 

General 

HouHe  and  farm 

Farm 

General 

187 

Hard 

*I8R 

do 

do... 

Steam 

Windmill  .... 
Pumj) 

Windmill  .... 

do 

do 

189 

140 

-126 

-16 

--H 
-100 

+  11 

+  15 

+14 

+15 

-» 

C^ld. 

Cold. 

1 

r,i 

141 

Many. 

U 
.'» 

u 

Soft 

Hard 

Soft 

Hard  . 

142 

I  gravel, 
i  gravel' 

148 

Stock 

do  

144 
145 

Har<l  and  soft. 

Hard ,.. 

...  d<. 

do 

do 

Pump 

Pumj) 

Windmill  .... 

Domestic  and  mill  . 
Drinkintr 

146 

d  gravel 

147 

Public  wat»*rworkH. 
Taiincr>- 

Domcsti** 

1 

14H 
149 

1 

♦151 

1  gravel 

+  1B 

Cold. 

Sulphur    

Hard         .         .. 
Min»»ral           .   . 

Har«l             

Iron       .     .- 

S«.ft  

Har<l      

(lo 

.    d.>  .     

Pump 

Pu>>li<'  drinking .   . 

Domestic 

Medicinal 

Domestic  and  Ht<  wk . 

Farm 

Domesti*' 

Domestic      and 
rrwimery. 

Farm  .       

House*  ;in<i  Ht<x'k  . . . 

152 

»ne    .  . 

*irA 

+5(» 
+  11 
+30 
+1() 

+22 
+  12 

-04— 

."ill 

Cold. 
82 

155 

l.-iT 
158 

l.-iO 

iRl02- 
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.'UulHtuiACki.. 


Lnpton. 

W«stbnHiub  .. 
E«rt.- 


I    CJ.PhrtpB 

t    Hu-kArdb 

J  Clmrencfl  Slbol . . . 


IM)    BI.OKlr. 


BenJ.ShATp 

'WiD.Pbelp* 

H.H.lUniiiBB.. 


City  i^nglun'r 
IMrilt  Wslltpr 
Jan.  Burt 


■■■      ^ 

1- 

\: _,__ 

"■     l« 

<to 

d.. 

.  .    a 

17 

s: d.i _ 

().       12 

Bywn 

3|j,8.HroHli 

(),       i 

do 

do 

....]»™.W.H.Ch»ff™. 

Deotnr.... 

ia 

d.) 

....  MBlm*  Andrew. 

<l.         K 

d» 

Rkrttont . . . 

..     Mi 

111 

an    L.C.«F.C,E««t<.n 

11.         2 

Wuhtenaw 

TpHiUM-  .. 

....  O«0.M«irm«nE«l«t<> 

WeifOrd... 

Shpiman . , 

...    Si 

11 

lT:«.B.Oatl.i- 

».      i 

4. 

IT    (liiui.Oiitl.'y 

A: 

d.. 

»J 

4    J.F,.W,»«lwi,nl._... 

2 

d..   

...    d.. 

..  at 

M 

K    A.  B.  *>athwi.'lt 

H    MymnBflw* 

11      a 

.1" 

Wi-if.™^     . 

St 

'■' 

1     BPriK"11"«B 

...     - 
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*  Jfiefctfjpan — Gcmtintied. 


1 

t 
L 

Katerialin 

which  water 

oocura. 

Height  of  water  above 
(+)  or  below    (-) 
mouth  of  well. 

Temperature. 

1 

Supply  per  minute. 

Quality. 

How  obtained 
where  used. 



Hand  pump . . 

Hand 

do 

do 

do 

....  do   

Uscw. 
Factory 

No. 

. 

Feet. 

Cky +30 

gtndand  gravel   +88 
.do      

°F.        (HiU. 
300 

Hard 

i(n 

Many. 

Cold. 

Sulphur 

Hard 

Soft 

Hard 

do 

Qeneral 

1A2 

House  and  stock  . . . 
Domestic 

163 

1 

70 

164 

1 
1 

...do 

165 

-m 

Farm 

166 

-18 
-23 

do 

do 

do 

167 

do 

168 

■ 

-30 

-25 

-28 

-3 

Soft.... 

....do    

109 

1 

do 

D'JTuewtic 

170 

: 

Many. 

1 

Iron,  hard 

Hard 

Soft 

Hard 

Windmill  .... 
Hand 

Pump 

Windmill  .... 

171 

Farm 

172 

1 

Few. 

Domestic 

., 

173 

-97 

-100 

+11 

174 

Orarel 

do 

175 

176 

Sand  and  gravel 
do 

(?)2i 

Hard 

do 

Windmill.... 

Windmill  and 
engine. 

Pump 

Stock 

Domestic 

Stock  and  grristmill. 

Domestic 

Sometimes  for 
drinking. 

177 

178 

do 

^-1  :::::::: 

00 
30 

Soft 

179 

do 

180 

do 

Salty... 

181 

1 

*182 

-i« 

-19 
-19 

Hard 

do 

Windmill  .... 

do 

Steam  pump . 

- 

Windmill  .... 

do 

do. 

do 

Pump 

Windmill      . 

Mill 

do 

do 

House  and  stock 

Public 

do 

Fai'm 

Medicinal  and  liaths 

Domestic 

House  and  farm 

Domestic 

do 

Farm 

Dr>meHtic 

*188 

Gravel 

•184 

do 

1        „o 

•185 

Sand 1    +1 

54  1            1 

1 

do 

Soft 

186 
187 
188 
189 
190 
191 
*192 

Gravel j  -» 

---do -22 

---do :...j    +7 

1 """ 

^„   '  Iron,  hard 

j      ^"   {Hard 

48  '          10    Iron 

58     Mineral 

!Soft 

Manv.     Hard    

..." do 

48  .Sever'l          do. 

.  d.» 

--;>5 

-125 

—95 

193 
194 
195 

Gravel 

-121) 

198 

Sand  and  gravel 

-60 
-47 

197 
198 

_ 

1 

800        fiTDBOLooY  Of  xAOTKRir  mmBU^w^aoM^  urn.     tn^l 

NOraS  ON  WELLS  OF 

Na  8.  Analysis  zeported  l^  owner  (analyst  unknown). 

AnaiifgiM  of  water  af  wdl  tU  AmMm^  Miek. 
[fturts  per  mlllimi.] 

SDioac - m\ 

Iron  and  alnminnm  oxides I W^ 

Oalchun carbonate 111.1' 

Xagneelnm carbonate  -^ iL% 

Oskinm  sol^^te M  _^ 

Sodinm  and  potasshun  chlorides Tm 

Sodtnm  and  potassimn  carbonates M  |5 

Total  sdUds ! !«.$ 

Beds  pass  tbroQgh  sand,  grayel,  and  bine  clay.  There  were  asvecal  smsH  koBoi 
of  elay  at  varying  depths  and  one  lens  or  bed  of  10  to  SO  feet  HiiGk.  This  hitler 
Iwd  was  stmck  at  100  to  815  feet  from  the  sorfsoe. 

No.  f».  Analysis  by  Professor  Prescott 

Analytia  of  water  of  well  at  Coldwater,  Jficlb. 

[PiurtB  por  millkni.] 

Aloulnun  solphate ..- 74* 

Oslchun  solphate JW 

Sodinni  solphide * 

Magnesinmbnmiide.... - 1,884 

Ferrous  chloride .* W 

Ferric  chloride : l*^ 

Manganese  salts - . Trace. 

Calcium  chloride 25, 2<» 

Magnesium  chloride 18,58a 

Sodium  chloride 186, 5«^ 

Sodium  sulphate. ^ 

Total  mineral  compounds 228,  ^  * 

No.  57.  The  waters  of  this  well  are  extensively  sold  as  the  Sanitas  Spring  Wat^^' 
Analysis  by  I.  V.  S.  Stanislaus. 

Analysis  of  water  of  well  at  Topinabee,  Mich, 

[Parte  per  million.] 

CJolor Non^^ 

Odor Noner  - 

Taste --   -  Perfects 

Reaction .   Neutrals 

Chlorine - 14.  ^ 

Free  ammonia None. 

Nitrogen  in  nitrates 2. 8 

Total  hardness 20.2 

Permanent  hardness 17. 1 

Organic  and  volatile  matters  (by  loss) - 18. 2 

Total  solids 114.6 

The  inorganic  constituents  were  mainly  potassium,  sodium,  and  magnesixini 
carbonates  and  chlorides. 
No.  66.  Analysis  by  R.  C.  Eedsie. 
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Analpsia  of  water  of  well  at  Harbor  Springs,  Mich, 

[Parts  per  million.] 

ca - 14.28 

limn  chloride 7. 14 

icinm  carbonate. _  121. 43 

^esia -- - 14.28 

^[anic  matter 21. 48 

rbonate  of  iron 7. 14 


Total --.- - - 185.70 

remperatnre,  45°. 

io.  71.  This  is  the  Prosit  water  which  is  sold  for  medicinal  purposes.  Analy- 

by  J.  E.  Clark. 

Analysis  of  water  of  well  at  Flint,  Mich, 

[Part*  per  million.] 

limn  chloride .       -. 1,682.0 

tassinm  chloride 50. 8 

gnesinm  chloride  .   .  . _ 21. 4 

cimu  carbonate 240. 3 

cimn  sulphate 234. 3 

gnesinm  carbonate 221. 3 

bonate  of  iron - 10. 0 

ca.  Trace. 

[linm  bicarbonate. . . Trace. 


Total - 2,460.1 

b.  78.  Following  is  the  record  of  the  well: 

ord  of  well  No,  i,  at  Highwood,  Mich.,  NE.  i  of  SE.  i,  sec,  2G,  T,  18  N.,R,  1  E. 

Feet. 

face 1 

d_ 2 

ty  clay. 37 

*dpan 13 

U  rock 2 

d,  coarse  river  sand,  indicating  a  washout,  or  where  the  bed  rock  dips 

Dwn  to  a  great  depth . .  27 

Total 82 

o.  79.  The  following  record  is  given  for  the  well: 

ord  of  well  No,  f ,  at  Highwood,  Mich.,SE.  i  of  SE.  i,  sec.  -27,  T.  IS  A'.,  iJ.  1  E, 

Feet. 
ck 1 

d 3 

tyclay... 35 

'dpan  _ 16 

ty  clay . 12 

*di>an _ 5 

tyclay 20 

:>dpan _ 8 

tyclay 16 

-doan . .       .       5 

I  marl  . .    25 

d  (washout)    -     .         31 


Total 176 
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No.  80.  FoUowing  is  a  record  of  this  well: 
Record  of  well  No.  S  at  Highwood,  Midi.,  NW,  i  of  NE.  i.aae.  J,  T.  J7  N.,  ILlE, 

caay « 

Hardpan t. 

Patty  clay U 

Hardpaa • 

QoickBand  (not  throngh  sand) ■ 


Total H 

Water  to  within  18  inches  of  the  surface. 

No.  81.  The  following  record  is  given  for  this  well: 
Record  of  toell  No.  4  nt  Highwo.d,  Mi4^,,  8E.  i  of  NE.  i,  9ec  .t^,  T.  IS  N.ILlE. 


FmI 

Mnck 1 

Qnicksand 2 

Patty  day^ 87 

Hardpan 10     I 

Hard  black  gravel  clay _ W     ■ 

Hard  black  gravel  clay 14 

Hard  black  gravel  day K 

Hardpan U 

Bed  marl,  streaked  with  gray 85 

Sand I 

Total - l^ 

No.  82.  Following  is  the  record  of  this  well: 
Revi.rd  of  well  No.  5  at  Hightcoixl,  Mich.,  SE.  i  of  SK  i,  sec.  LSI  T.  IS  iV.,  H.  1  \^' 

Mnck 

Sand  ...   - - 

Marl 

Sand > 

Pnttyclay 1^ 

Hardpan ... - ^ 

Pnttyclay 15^ 

Hardpan 8 

Pnttyclay 11 

Hardpan 10 

Pnttyclay .. 22 

Sand  and  gravel  (abnndant  water) 4 

Hardpan 9 

Gravelly  clay 40 

Pnttyclay 20 

Hardpan 33 

Quicksand 38 


Total 232 

(Still  12  feet  Band.) 
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o.  89.  AnalytdH  by  J.  E.  (lark: 

AnalyniH  of  txHtter  from  trell  at  WhiteiroUn\  Mich, 

[Parts  pttr  inillion.] 

imn  chloride -^     .            4.4 

linm  sulphate. . . .1 

:aB^d1lm  sulphate - -  -  .7 

gnesinin  snlphate .  8. 6 

^esinm  earbonat4« 28. 5 

Icinm  carbonate . 1 17. 0 

rric  oxide 8. 5 

omina -     .   -   5. 4 

ica - 8.4 


181.6 

thia  carbonate Present,  but  not  estimated. 

ganic  matt^^r Trace. 

S^o.  101.  The  following  record  is  given  for  this  well: 

Jieconi  of  well  at  Mason ^  Mich, 

Feet. 

ift - - 22 

aite  sand  rook 46 

ick  shale 14 

lite  sandstone 92 

a 1 

le  shale 92 

ck  shale  with  iron  pyrites 98 

r<).  129.  An  analysis  reported  to  have  1>een  made  by  John  Meyer  is  said  to  have 
vm  the  presence  of  rubidium,  ciesium,  and  several  selenides  and  tellurides. 
To.  138.  Analysis  of  water  by  Samuel  Duffield. 

AtuUyHiH  of  water  from  well  at  Midland,  Mich, 

[PartH  per  million.  ] 

cinm  sulphate 76. 8 

iassium  sulphate 5o0. 4 

limn  sulphate 377. 4 

uninum  phosphate .       . 29. 6 

dun  chloride 106. 4 

gnedum  chloride    _ 37. 4 

Lium  chloride 559. 2 

ca ---  50.6 

Sanic  matter ^ 42. 2 

S8 54.9 


Total.. 1.884.4 

To.  151.  Analysis  of  Fountain  Point  mineral  water  reported  by  owner  (analyst 
snown): 

Analysis  of  icater  from  well  at  Proveniont,  Mich. 

[PartH  per  million.] 

tC^neaom  sulphate. 244.4 

Qminum  snlphate ■ 71. 3 

Icimn  snlphate - 102. 7 

3hmichloride *il%ft 
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Cabkiocbes. 

Hydrogen  snlphide . 10.09 

Carbon  dioxide 29.U 


Total 39.28 

No.  154.  Analysis  of  water  from  well  No.  2.  by  J.  R.  Cooper: 

Analysis  of  timter  from  well  at  Hancock,  Mich. 

[Parts  per  million.] 

Silica - 


30.5 

Calcium  sulphate - 15.8 

101.7 

«2.8 

4.9 

. 155.1 

1.2 

2.385.6 

31.5 


Calcium  carbonate   . . 
Magnesium  carbonate 

Carbonate  of  iron 

Sodium  carbonate 

Sodium  nitrate 

Sodium  chloride 

Potassium  chloride    . . 


Total 3.659.1 

Very  small  amount  of  organic  matter;  not  estimated. 

No.  182.  This  is  well  No.  1  of  the  Michigan  Sulphite  Fiber  Company.    At  a 

depth  of  266  feet  a  strong  flow  of  gas  with  a  pressure  of  75  pounds  was  enconn- 

tered,  but  it  soon  passed  off. 

The  composition  of  this  gas  is  as  follows: 

Per  cent 

Marsh  gas  (methane) 88.64 

Hydrogen ^ 3. 27 

Carbon  monoxide  . .  .20 

Nitrogen 8.  ^ 

Total..   10().  <^^ 

Salt  water  began  tu  be  obtained  at  575  feet.     The  following  is  a  record  of  tl^^ 
materials  i)eiietrated: 

Record  of  ircU  at  Port  Huron,  Mich. 


Mutorial. 


Thi<rkne88.       Depth 


Drift  (sand) 

Bine  clav 

Gravel,  drift,  (^luy  witli  i)ebbles 

Slate 

Top  limestone  .    .    

Soai)stone 

Limestone  ( jL^as  at  26<5  feet ) 

Soai^stone  ...    . . 

Limestone  (^as  at  31i>  feet) 

Soapstone 

Middle  limestone 

Lower  sf  japstone  . . . 

Lower  limestone       


Feet. 


Fret. 


78 

7^ 

24 

10:? 

5 

107 

80 

187 

28 

215 

51 

266 

45 

311 

8 

319 

0 

321 

^  94 

415 

2 

417 

65 

482 

118 

600 

<»opm.l 
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No.  188.  Following  is  the  record  of  thiB  well: 

Record  of  well  at  Port  Huron,  Mich. 


Material. 


Prom— 


To— 


Sand  or  drift 

Hue  clay 

GraTel - 

Bhie  clay  and  1  foot  of  black  sand 

Black  shale 

Soapstone 

limestone,  with  strong  flow  of  gas 

Soapstone . 

Limestone,  with  indications  of  petroleum 


Feet. 

Feet. 

0 

46 

46 

62 

62 

70 

70 

101 

101 

391 

391 

491 

491 

521 

521 

651 

651 

728 

This  well  showed  very  little  water  on  top  of  bed  rock.  Well  was  caf>ed  with  46 
feet  of  wooden  conductor.  10-inch  diameter  on  the  inside;  104  feet  of  8-inch  pipe 
to  bed  rock. 

No.  184.  The  following  record  is  reported  for  this  well: 

Record  of  well  at  Port  Hvroii,  Mich. 


Material. 


Prom— 


To— 


iSand -  .- 

filue  clay . . . . . 

C3^ravel,  with  large  supply  of  water 


Feet. 

Feet. 

0 

48 

48 

65 

65 

74 

No.  185.  The  record  below  is  given  for  this  well: 

Record  of  well  at  Port  Huron,  Mich. 


Material. 


Sand  or  drift 

3lue  clay 

Gravel 


Prom— 
Feet. 

0  I 

I 

65  I 


To 


Feet. 


48 

65 
76 


Wells  Nos.  18;^,  184,  and  185  were  drilled  to  obtain  water  for  the  mill.     The  fol- 
lowing analysis  of  the  water  is  reported  by  owner  (analyst  unknown): 


Analysi.s  of  water  of  well  at  Port  Huron,  Mich. 

[Parts  i>er  million.] 


Silica 

Iron  and  alumimi 

Liime . 

Magnesia 


,     27.40 

1.15 

.   128.80 

38. 85 
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No.  102.  This  well  fnmiiihes  the  YpsUanti  mineral  water,  used  for  medichiil 
pnzposee.    AnalysiB  by  A.  B.  Preecott. 

Analyns  of  toater  of  well  at  YpgUanti^  Mich, 

[Piu*tB  per  millioii.] 

Temperataxe 58.  r  P.  (14.5*^0.) 

Specific  gravity 1.0168  (at  15' C.) 

Beactioii AlbOiiift. 

Soainm  sulphide 208.5 

Magnesinin  bromide W.  9 

Magnesinm  chloride 990.2 

Sodimn  chloride U,«».0 

Fluorides Tnce. 

Potassimii  sulphate 2B.8 

Magnesimn  sulphate 1,188.0 

Galcimn  sulphate 8,077.4 

Phosphates Tnce. 

Galcinni  bicarbonate 681.6 

Borates Tnce. 

SOioa 24.0 

Idthimn  salts Trace. 

Strontinm  salts _.       Trace. 

.Barimn  salts Trace. 

Iron  (ferrons)  salts Trace. 


T  9 


Total  solids  determined 20,617 

HydroHTOlphnric  add,  total  in  Yolmne  at  58.1' F.  (14.5°  G.) 860* 
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8PRING8. 

i,  from  both  the  rocks  and  the  glacial  deposits,  are  very  com- 
ughout  lower  Michigan.  As  in  the  case  of  the  waters  from 
wells,  those  of  the  rock  springs  are  frequently  high  in  salt 
nineral  matter.  The  drift  watera,  on  the  other  hand,  while 
vith  the  local  character  of  the  material,  are  generally  much 
ralized,  although  in  those  eases  where  the  waters  which  flow 
drift  are  derived  from  the  underlying  rocks  they  show  the 
'istic  composition  of  true  rock  waters. 

>nomic  importance  of  the  springs  of  the  State  is  considerable, 
id  parks  have  been  built  at  many  of  the  more  prominent 
md  popular  resorts  developed.  A  number  of  sanit>ariums,  in 
►ring  waters  are  extensively  used  for  bathing  or  for  internal 
?  also  been  built  at  several  points.  Many  of  the  waters  pos- 
able  medicinal  properties  and  are  bottled  for  the  market, 
acter  of  a  number  of  well-known  spring  waters  is  shown  by 
^ses  in  the  notes  following  the  spring  records. 
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.    Wm.A.tlproDt 

.  Akhm  BnrTDVb 

1    HunntCleineiuBBlh 


PatDBID 

ArmadK    :  MS.  'M    OohL  HmnI - 
C^nKm  .  ■ I  Ooiid  - 


iii->-   Brilr]-    Tiiwn- 


II T      I  a  iCold.  Soft.^ 

Ii-bmnnd W  '  OiMd. 

T.--k-ir>-    ISW.      I  icold.'  SiJty, 


.    HpptiinLiikc.  .   B.C.Dyar.. 


SK    Roacommon  .   NoIbd.. 


J  £.A.C(»D 

.1  J.D.Parkor 

.'  BiirahC.W«ll.. 


n  ,  Saline. 

!dJ  OlKHl.. 


>.(.V>ld.<  Hani.. 


CtWPKK] 
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rtfonh  in  Michigan, 
inlOR.] 


I 


Principal 

minend 

ooDstittieiitH. 


Supply  per 
muiQte. 


Material  from 
which  spring 
'  isBuen. 


UseH. 


IniprovementH.       Xo. 


Inm.lime 
I  Lime 


Oallons. 
Several  .. 


Coarae  gravel... 
Limestone 


.do ■  Several 


Marl 


Salt '. 

Lime  and    nuMp- ' '  Clay  and  sand 

nesia.  ! 


Lime. 


..  Oravel 


5 Sand 


Stock I  None '      1 

Drinking Summer  cottages:       2 

I     hotel   and    sanita- 
ri  am  contemplated. 

None None 3 


Bottled . . 
Drinking 


Piped  to  house . 


Hotels  and  parks 4 

Hotels,    baths,    hot-     *5 
tling  works;  swim- 
ming i)ool  contem- 
platea 

None ;     6 

♦7 


Pew Gravnl 


Clay 

280 Sandstone 


Sulphate  of  lime 
and  bicar  bo- 
nates. 

Ldxme Many Gravel 

Iron I Sandstone 

do I- ■ do 

do I  Ibarrel do 


Table  and  medic-    Hotel  and  cottages  . 
inal.  I  ; 

Public  watering     None 8 

place.  ' 

9 


Iron,  sulphur '  Few 

Liizne 

Iron ' 

Ltixne |  Pew 

i  Salt.TOlphur 


Clay. 


Lron,  sulphur 

Bicarbonatea 

Salt,  iron,    sul- 
phur. 

Sulphur ,.. 


Gravel 

Sand  . . 
Gravel 


10 

Curative '  Hotel  and  sanita-'  ♦11 

rium. 

Watering  stock.-   None 12 

13 
14 
15 
16 

♦17 
18 
19 

♦20 


General ' do 

Drinking do 

None ' do 

do do 

Medicinal j do 

Drinking do 

None do 

Bathing '  I^iarge  hotel 

Curative Sanitarium 


21 


Many 


"2 Blue  clay 

Several  


Sand 


Iron. 


!  Lime 


Gravel  and  sand. 


Several Sand  . . 

40(?) Gravel 


None :  None 22 

Curative ,  Resort  contemplated   ^28 

Drinking '  Improvements    con- '    24 

templated. 

Power None 25 

None Summer  resort  con-.    26 

I      templated.  | 

Baths  and  drink-    Bathhouse ^27 

ing. 

None i    28 

do 

do 


I  None 29 

'-..  .do 30 


Several 


(^lay (4«»nenil 
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H                                     N()TEH  ON  SPRINUS  OF  MICHIOAN- 

ejitt'nBively  boM.     There  nre  nine  principal  springs,  aoalyses  of  wfaich  are  givw 
below.     The  ttnnlyHca  nf  SUver  Queen,  aaul.  King  David,   and  Colonels  Own 
BpringB  wetv  maile  l)y  W.  S.  Haines:  thiit  of  Silver  King  hy  H.  O.  fiarrison,  anil 
thoae  iif  Biuini.  Wyuituis.  Golilen  FmuitHin,  and  Psyche  HprinRB  are  by  E.G. 
Smith. 

AaalifHiH  •>/  .(viftr  .</  Biintiwii,  Mjirlnijit  ,it  lirnton  HnrtxT,  Mich. 
^                                                                        [PurUipBrinlllloQ.] 

F  —    |H 

■^■S..x.!H 

Pi.tiwBimn  bi«r>i™»t>!  .. 

Tnwe. 

18.3) 

17. « 

l.« 

=^'"|'^-^- 

aw 

LW 

LK 

L31 

un.w 

5.9r 

Itt 

gudlnin  hicArbonate 

eodiiimrhlorlrts 

U.M  1    !*.«  1    lB,il 

LIH        S.(B        1.13 

LN 

La 

-IT 

H.14 
T.W 
BS.tt 

■W 
IMS 

am 

IlILK 

IKM 

1#.M 

lBi.7«|  M-fla 

!H.« 

».» 

iOS.flB 

ea«i) 

lOT.W      SB.t4 

«>.« 

m.B> 

Iron  Irimrboonlo 

i;,w 

'-■ 

!.» 

.n 

K,ST 

j  .» 

Almni™   '_ 

Stu™ 1     i.m      T,.w, 

-,:™  --.:» 

.» 

.» 

.» 

.» 

No.  7.  The  water  in  exteuaively  mid  an  the  Sanltaa  Spring  Water.  An  analjBis 
hy  I,  V.  8.  BbmiBlana  is  given  below: 

Analyitia  of  water  of  spring  at  Topiaahf.e.  Mich. 

IPaHniwrmminn.] 

Color _ _  _ _  None, 

Odor None. 

Taete - Soft. 

Reaction  - - Nentral. 

Chlorine - 15.5 

Nitrogen  in  nitTat«s _ 8.7 

Total  hardness _       _ _ 21. 0 

PermaneDt  hardness _ 18.0 

Organic  and  volatile  matters  (by  loss) -    .   19. 0 

TotAl  solids. _       .       __ _ _..  340.1 

The  inoi^nic  constituents  are  potaseinin.  sodiiun.  calciam,  magnesinni.  hicar- 
bonates.  and  chlorides,  in  small  quantities.     The  water  is  very  pnre. 

No.  11.  Andrews  Magnetic  Mineral  Springs.  Tlie  water  of  these  springs  is 
medicinal,  and  is  extensively  sold.    AnalysiH  by  S.  P.  DnfReld: 


Aiiiilyitin  of  II 


iter  of  spring  iil  f!l 

[PnrtH  j».r  million.) 


lAniin,  Mirli. 


Cftlcinin  snlphftte ..._ 1.137.1 

Calcinm  silicate _ 113.0 

Calcium  chloride _ - Trace. 
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Sodium  bicarbonate 1,819.4 

Calciiiin  bicarbonate ., 1, 186. 7 

Magnesinm  bicarbonate 299. 2 

Iron  bicarbonate _ 20. 5 

SiKca 49.2 

Organic  matter  and  loss _ 34. 2 


Total  constitnents 4 ,  66 1 . 3 


Bicarbonates 3,276.7 

Free  carbon  diox-'de 106. 2 

Hydrogen  sulphide _ .  - Trace. 

Total  mineral  matter  in  gallon 4. 781. 2 

No.  17.  Ponce  de  Leon  spring  or  artesian  well.  Analysis  reported  by  owner 
(analyst  unknown) : 

Analysia  i>f  ivater  of  npring  at  Parii*,  Mich. 
[PartH  per  million.] 

Color - - None. 

Taste,  at  100°  F ...     None. 

Odor,  at  100'  F None. 

Sediment  after  thirty  days _ None. 

Specific  gravity ,  at  59'  F 1 .  005 

Total  soUds.. 153.564 

Free  ammonia - 015 

Albuminoid  ammonia .  022 

Nitrates... 422 

Nitrites - None. 

Carbonate  lime 1 23 . 1 2 

Sulphates Trace. 

Chlorine Trace. 

Organic  matter ... 30. 0 

No.  20.  Used  in  the  Medea  liaths.  Mount  Clemens,  near  Detroit,  Mich.  The 
baths  have  150  rooms.  The  water,  which  is  medicinal,  is  also  used  for  drinking. 
Analysis  reported  by  owner  (analyst  unknown): 

Amtlysia  nf  water  of  npriiuj  at  Mount  Cleinrfm,  Mieh, 

[Grains  in^r  imperial  gallon.] 

Sodium  chloride - 5, 957. 350 

Potassium  chloride . .     

Magnesium  chloride  . .  1 ,  656. 200 

Calcium  chloride    . 4,128.530 

Calcium  sulphate . 144. 430 

Magnesium  carbonate .      . . .  .  070 

Calcium  carbonate     .   .  910 

Ferrous  carbonate 8. 540 

Sodium  iodide  . .  - 

Magnesium  iodide - .   .  070 

Magnesium  bromide - -  8. 540 

Silica - 28.090 

Alumina -  -  43.070 


Total  solids 11,974.800 
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No.  S3.  There  are  nboat  lUO  Bpriiujs  in  tUi- vicinity,  TwyinK  oonsiderably  in 
>  their  properties.  The  No-che-mu  Miueral  Spring  Company  nlso  liaTe  a  <;i.intri>leT- 
.  «ble  namber  of  springK  or  flnwlnK  wells.  The  waters  are  bottled  and  the  Bprinip 
I  developed  ae  a  resort.    Analysis  by  Richard  Fisher  and  A.  A.  Presoott.  as  follows; 

Aiiulysi*  of  teatrr  •>/  H/iriiifi  nl  Urrd  City,  Mich. 

IaOica - U.II    I 
FerroDH.  carbonate      ,_ 1,9 
Aliuuina - I    ' 
Calcinm  bicarbonate SM.fl    ; 

I  Uagnesium  bicarbonate IK.J 

•  Sodium  chloride .     W.7 

I  Sodinm  bicarbonate  ..        _ __ _ M.5 

•  Potaeeinm - Hraie. 

I   PhoBphoric  tw^d 8    j 

Total.  S7T.1    J 

-       No.  37,  AnalyMis  by  C.  (i.  Wheeler:  | 

I  Ariiilj/sin  of  latt^  of  spring  at  Sjiriiiglake.  Mii'h. 

I  (PartHpvriDllltnn.l 

I  jpotaseiom  chloride "3,3 

I  Sodium  chloride .  6.B34.6 

\   Calcinm  chloride 1.B3B.5 

Uagnesinm  chloride 019.0 

Sodinin  bicarbonate ___ _  18.3 

Calcinin  bicarbonate - _ .  8.1 

Iron  bicarbonate ., 17.3 

Hagnesinin  bicarbonate - 1.1 

Uanganeae  bicarbonate 1.1 

ICagnesinm  bromide 87. 1 

Sodimn  snlphate 799. 6 

fflUca  8.8 

Alumina ___ _.. __ Trace. 

Total  fixed  roddne .'. 10,768.3 
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Benton 376,382,386 

Boone 376 

Carroll 376.886 

Clark 376,382 

Clay 376,382 

Cleburne 376,386,388 

Conway 376 

Craighead 376 

Crawford 386,388 

Crittenden 378 

Faulkner 878,382,386 

Franklin 378,382,386 
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Greene 378,382 
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Jackson 378,386 
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Lee 878 

Little  River 878,888 

Lonoke 878 
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Poinw'tt :*<0,383 

Polk 380 

PoiH> 3H6 

Prairio 380 
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St.  Fmnci.s :«) 

S<ott :«) 

Sc«i)ii.stiini ;fr«i,:j84-;*<r) 

Stnier :wo,:«l» 

Shun) 380 

stone m) 

I  VanBiin>n 3H0 

I  Washington :3«6,388 

White :«),3S5,386.8S8 

Yell 386 

welLs  of,  dLH<'iission  of 374-375 

re<-ord.M  of 376-384 

Batesvillo  sandstone.  occurn^n<'»»  of 374 

Bayley,  W.  S..  r(«ix>rt  on  Maine  by 27-55 

work  in  char^fc  of    17 

Bcrea  grit,  water  of 4W) 

Boone  <!hert.  water  of 374 

Boston  Mountains. Tenn., s])rinKS  <»f I^ 

Bout  well.  J.  M..  rejKjrt  on  New  Hamp- 
shire by  . 56-72 

work  in  charge  of 18 


Bnhntone tormaUan, montlnn  a[ 

C«pi' C-ocl.wi'llsiiiii 

L*»iu plain  Vulley,  *eUB  in 

.^^hsmjiUa.  P.  A  .  *ell   records  reportHd 


l.y-. 


rHi*roka«i  ]ih»l«.»prin«s  at... 
[.lolboTDe  rumuitloo,  water  ' 

rioBBtftlPlnln.  wMCTot »)l.'m.lB« 

Sonnoptie.Ql,  geotaeTot 1»7 

brdrolinfic  Hold  work  Ii: 

hTrtroloeyof IK-IW 

-     UB 


FMrftdld miU-t48,ISU.IM-tU.l( 

IHarUord - IS*-I1B 
IW-l «,  ISU,  I  liS-tSII ,  ] »  KM.  I  un- !«: 
UhtblteM...-  )«.lt«.UIC»lI>l.lM,l<H.l) 
Wddlsiex l».liM,  [M.liUJSII.  U 
N*ir  Haven I3«-ta 
IW-IW.  IW.  ISn-lW.  IIM-IM.  Iff7-  II 
NffwLoudnn    l»l-l«l.lIi£,ir<N-1GD,lN.1l 
ToUand Itii.tl»-IW.1S£.1M.II 
Windhoni IW.IW.  IM.  IM-im.  11 
wdlauf,  diaciuniiiiiiir  i2;,iw.ii 

rP«ird«of ISfl-Mll.iaj-iaS.lOd-lBH 

l^onneplicQt  Bivor,  wellnalcaig W,  IK 

Cooper,  W.  F.,  report  an  Michisan  liy  .  UO-^a 

work  IntiharKBof 

Croaby.  W.  O..  report  un  Rliode  Islan 


l>y.. 


work  incliarg*  of 

Cnmby.  W.  O.,  and  LafnrKe,  Lawreiwe, 

report  on  HaHSAcbnutta  hy  _  IH-lli^ 

Cumborland  Plulcaa.  lotaUoii  ot KM,  HBD 

Dun™.  N,  H..  niHii 

Dcviinian  Blmlas,  apriogti  of  HW-asS 

E^I  Lont^mcadow,  Mans.,  wellBijf ]|£-11T 

Eokel.E.C.workor... 

K.iKel,K,C.,and  Johnmiu.L.C, report  on 

mmtaslppfliy .._  aw-asT 

£un>kaiibal«,naUir  of.  .. 

Flurldit.a<d  by  people  ut 

gootoxjot 

\  JktAniioBic  fleld  wtirh  In 

ibrdTDlogy  of 

«priiin>  of ,  dlxmadon  of. . . 

retrordiiof-...- __.._._ 3Mtt 

nmdergroDDd  waters  ot,  hy  coantJes: 

Alaabna aiO.SX,3t».i!Ilt-Zll 

Bradford... 

Brerard na^ii.SM 

IB.STI 


- stx,me.s7\ 

...  a8->H.atS-SG7,»B,2T) 

SU.ISl.tK 

DadB - EI4.8«,1»1 

DaSohi SU.SSI.» 

Dnval H4-MI,a 

U6,lfiI-ffiB,«H,X; 
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•rgia— Ck>iitlaiied.  Paipe. 

underg'jd  watera,  by  counties— Ck>nt. 

Decatur 210,288,234 

Dekalb 210.220 

Dodge 210,282,228 

Dooly 210.280,222,228,228 

Dotigherty 210,223,228 

Donglas 210,223.228 

Early 210,223 

Effingbam 22S 

Elbert 210.230 

Emanuel 210-212 

Fannin 212.220 

Floyd 212, 230, 22:j,  226, 234 

Franklin. 212 

Fnlton  ...  212.230,aJ3.22H-2:«) 

OilmiT  212.220,231) 

Olynn 212.223.230 

Gordon 212, 2ili.2:i0.2:M, 2:17 

Greene 212 

Gwinnett 212.220 

HaberHham 212, 230-221 

Hall 212.230 

Haralson 212.221 

HaiTis 212.230,238 

Hart 212 

Heard 212 

Henry 212 

Houston 212-214,221.224 

Irwin 214.224 

Jackson 214 

Jofiferson 214,221,224 

Laurens 214,224,226 

Lee 214,224,226 

Ulxjrty 214 

Lowndes 214,221.224 

Lumpkin 23f).234 

Macon 214 

M«Dnffie 224 

MadL*on 214 

Meriwether 2\\,'Sil'£^,'£*) 

Mitfhell 214 

M<>nr<x» 214 

M<mt^<onK*ry      214 

Morgan 214 

Murray 2:{i).2:u  2:{r> 

MuHcogee 214,221 

Newton 214 

Oglethorpe 214.224 

Paulding 214 

Pickens 214 

Pierre 214 

Pike 214.23ii 

Polk ~M«5.221.224,2:«).234 

Pulaski 224.22»i 

Putnam 2I(J 

Randolph 21(}.224 

Richmond . .      21ti 

Schley 21(5 

Screven ..  :M(l 

Stewart 21»; 

Sumter 2115. 221 .  :i:H  :;2.\  22i>,  2:fl) 

Tallxit - :5*i 

Taliaferro .   .  .      2in 

Tattnall 2l(i,:i>r>.22{i 

Taylor 210 


Georgia— Continued.  Page, 

underg'd  waters,  by  countiea— Ckmt. 

Telfair 285 

Terrell 810,886 

Thomas 216,285,230,884 

Towns 216,230,286 

Troup 216 

Union 230,236 

Upson 216,280,285,288 

Walker 216-218,285,280 

Walton 218 

Ware 218 

Warren 218,280 

Washington 218,285 

Wayne 218 

Whitfield 218.221,230,236-836 

Wilcox 218 

Worth 218,225 

water  supplies  of,  diseusBion  of 207 

sources  of      2U8-221 

wells  of,  disc^ussion  of 221 

rec-ordsof 288-226 

Glenn,  L.  C,  report  on  Kentucky  by. ..  366-373 

report  on  Tennessee  by 358-365 

work  in  charge  of 20 

Grand  Gulf  formation,  mention  of 20 

Grant.  C.  L.,  well  records  reported  by . .  160-164 

Grant,  U.  S.,  acknowledgements  to 442 

Gregory,  H.  E.,  mention  of 112 

report  on  Connecticut  by 127-168 

work  in  charge  of 18 

Hall,  B.  M.,  measurements  of  springs  by.    296- 

237,274-275 
Hall,  C.  W., report  on  Minnesota  by....  441-488 

work  of 18 

Hannibal  shales,  springs  of 416 

Harris,  G.  D.,  work  of 20 

Hatchetigee  f rtrmation,  water  of 276 

Hawkins,     R,,    report     on     Livingston 

County,  Mo.,  wells  by 410^12 

Highland  Plain,  IcK'ation  of :«« 

HiKlgcs,  R.  S..  work  of . a) 

HoUick,  Arthur,  work  ()f 18 

Humingt'on,    M.    W.,   a<>knowledgnientK 

t4> 442 

Hydrology,  division  of,  iM'count  of  organi- 
zation of 15-20 

division  of,  field  work  of  eastern  8e<*- 

tionof 17-20 

methods  of  work  of 21 

HCi^tions  of IH 

work  of U\-\7 

value  of  work  of 22-24 

early  work  in 15-10 

list  of  publications  relating  to 11-13 

.Johnson,  L.  C,  mention  of 17 

work  of 211,  :J32 

.Tobnson.  L.  C,  and  Eck<4,  E.  ('.,  re])ort 

on  Mississii)i)i  by 3:12  ;i57 

.Jordan  siindstone,  water  of    .     . 441 

Kentucky.  ge<»logy  of 3W» 

hydrologi<*  field  work  in 21) 

hydrology  of ;*H»-;{7:t 

underground  wati^rs  of,  by  ccmnties: 

Ballard  ;f70,:fr2 

Calloway 370,372 
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Kentucky— Ck>iitiiined.  Page. 

nnderg*d  waters,  by  counties— Cont. 

Pulton 870 

Graves 870,872-373 

Hickman \ 370 

McCracken 370,873 

water  resources  of,  discussion  of 369 

wells  of ,  records  of 870-873 

Knapp,  Gh.  N.,  work  of 18 

Laftiyette  formation,  occurrence  of 288 

water  of 809,899 

Laforge,  Lawrence,  and  Crosby,  W.  O., 

report  on  Massachusetts  by. .  94-118 

Lane,  A.  C,  work  in  charge  of 19 

Lexington  Plain,  water  of 389 

Lignitic  group,  water  of 469, 474 

Long  Island,  investigations  in 18 

weUs  and  springs  of 170-171 

Lord, L.G.,  work  of 17 

Lovelace.  B.  F..  work  of 20 

Ludlow,  J.  L. ,  measurements  by 286 

McCallie,  S.  W. ,  report  on  Georgia  by . .  207-235 

work  in  charge  of 18 

McGee,  W  J,  mention  of 15 

Maine,  hydrologic  field  work  in 17 

hydrology  of 27-55 

springs  of ,  discussion  of 47 

records  of 47-55 

underground  waters  of,  by  counties: 

Androscoggin 29,38,48,63 

Aroostook 29-80,38-89,48,53 

Oamberland 8O-81,3»-40,4«,53 

FrankUn 49,58 

Hancock 31-8S,  40-41, 49, 5;^'>4 

Kennebec . :^2-;«,  41-42, 4»-o0, 54 

Knox 3:^,42-43,50 

Lincoln :?i-34. 4:j,  50, 54-55 

Oxford 34,4^^,5(1,55 

PonobHcot :W-35, 4:j-44, 50-51 ,  55 

PiHfiatafiuiM .35, 44-45, 51 ,  55 

HHgadaboc  .     35, 45, 51 ,  55 

SomerHet i-K.  45, 51 ,  55 

Waldi  > :V>:Y7,  4.5  4<l,  51 .  55 

WiiHhinj,'t< m  -  .  -    .'^7, 46, 51  52. 55 

York :r.  M>  4T,52,5.-» 

wator  sni>]>ly  of.  <li.scuHKioii  of 27 

woUh  of.  dirtc'us.sion  of 27 

nM'ordH  of 21*47 

Manhattan  r<«^ion,  springs  in KRI 

Marshall  sandstone,  water  of 4>fl> 

Marthas  Vinoyard,  wells  on . .        95 

Maa-sachusetts,  |^e<jlo{?y  of W4. 1 12 

hydrolo^fic  field  work  in is 

hydrology  of *,>4- 1 17 

springs  of,  disT'iission  of 102 

r^'cords  of KB-lIl 

underground  waters  of,  by  <"ounties; 

Barnstable W,  HW.  I(i5 

Bristol iM  97, 100, !(« 

Essex i»7,l(«.l(r) 

Franklin 07. 1(W.  Ui't 

Hampden 112  117 

Hampshire 97 

Middlesex 97.  KlO-lOl,  1(W.  KHMOT 

Norfolk 97,101,10:M(K.lir7-I(JS 

Plymouth »7, 101-102, 1(>4,  UiK-110 

Suffolk l(H,m 

Worcester 97,\\1 


Massachusetts,  wells  of,  discussio 

wells  of,  records  of 

Michigan,  lower,  geology  of 

hydrologric  field  work  in 

hydrology  of 

springs  of,  discussion  of 

records  of 

underground  waters  of,  by  co 

Allegan 

Alpena 

Antrim 

Barry 

Benzie 

Berrien 

Branch 

Calhoun 

Charlevoix 

Cheboygan 490-4 

Clare 

Clinton 

Crawford 

Eaton 

Emmet 

Genesee 

Gladwin 492-4 

Grand  Traverse 

Gratiot 4 

Huron 

Ingham 

Ionia 

Iosco 

Isabella 

Jackson  

Kalamazoo 

Kalkaska 

Kent 

Lapeer 

T^eelana  w 

Livingston  - 

Ma<-omb <( 

Manistee 

Mecosta . 

Midland 

Missaukee 

Mont<'alm 

Montmorency _ 

Newaygo 

Oaklan<l 

Oceana 

Ogemaw 

0»co<  )la 

Ot'*«*go 

Ottawa 

r*res(iue  Isle 

RoH<M>nimon 

St. Clair 

Shiawassee 

Van  Buren 

Wushti'iiaw 

Wexford 

wi41s  <»f.  discussion  of 

rec( »rds  of 

]Minne>ota.  geology  of 

hydrologic  field  work  in 

hydrology  of      

hvv\uv!;h  u(,  dvst'wssion  of 

VViCOY(\v^  v^l 
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inneaota,  ondergroand  waters  of,  by 

counties:  Page. 

Aitken 444 

Anoka 444 

Becker 444,470,482 

Beltrami 445 

Benton 446, 4^^ 

Bigstone 445,470,480,482 

Bine  Earth 445,470,480,482,488 

Brown 445-46,470,480,482 

Ckrlton 446.470,480,482 

Carver 446,470,482 

Cass 446 

Chippewa 447 

Chisago 447,470 

Clay 447,470,480 

Clearwater 448 

Cook 448 

Cottonwood 448,470,480 

Crow  Wing 448,470,482,488 

Dakota 448-449,470^72 

Dodge 440,472 

Donglas 449,472 

Faribault 449-450,472,480,482 

Fillmore 450,472 

Freeborn 460-451,472 

Goodhne 451,472,480,482 

Grant 451,472,482 

Hennepin 451-452, 47JM74, 482. 488 

Honston 462,474,483 

Hnbbard 452 

laanti 463,474 

Itasca 453 

Jackson 453,482 

Kanabec 453,482 

Kandiyohi 468-454,474 

Kittson 454,474 

Lac  qui  Parle 454,474 

Lesuenr 454-455,474,482 

Lincoln 456,482,488 

Lyon 455,474,480,481,482 

McLeod 465-466,474 

Marshall 456,474,484 

Martin 456,474,484 

Meeker 456-457,474 

MiUelacs 457,474 

Morrison 457,474,484 

Mower 457,474,484 

Murray 457-468,484 

Nicollet 458,474,480,484,488 

Nobles 458,474,484 

Norman 459, 474 

Olmsted 459,474 

Ottertail 459-460. 476, 480 

Pine 460,476,484 

Pipestone 460,484 

Polk 4*50-461. 470.480,484 

Pope 4<n,476 

Ramsey 4*J1, 476,484 

Bed  Lake 461, 47B 

Redwood 4*H,4T6.4H4 

Renville 4(51-462, 476. 4H4 

Rice - .  462.476  ' 

Rock ¥U,P<4 

Roseau... 44«.47»5.4H4 

St.  Louis 46a,  476 


Minnesota— Continned.  Page, 

underg'd  waters,  by  counties— Con t. 

Scott 463,478,484-486,488 

Sherburne 46a-464,478,486 

Sibley 464.478,488 

Stearns 484-466,478 

Steele 465,486 

Stevens 466,486 

Swift 466-468,478 

Todd 466-467,486,488 

Traverse 467,478,486,488 

Wabasha 467,478,480 

Wadena 467,486,488 

Waseca 467,478,48|-. 

Washington 468,478 

Watonwan 468,478 

Wilkin 468-469,478,486 

Winona 478,486 

Wright 460 

Yellow  Medicine 469 

wellsof,  discussion  of 441-443 

wells,  deep,  records  of 470-481 

wells,  shallow,  records  of 444-469 

Mississippi,  geology  of 332-333 

hydrologic  field  work  in 20 

hydrology  of 332-4)67 

underground  waters  of,  by  counties: 

Adams 334,360 

Alcorn 834,360 

Attala 834 

Bolivar 334,360 

Carroll '. 384,350 

Chickasaw 334,360 

Choctaw .• 334,360 

Clarke 384-338,360 

Clay 338,351 

Coahoma 388,351-«2 

•    Copiah 336 

Hanc<ick...^ :»B-338 

Harrison 838-842, 382-«3 

Hinds 342,353 

Holmes 342,368-»4 

Jackson 342,354 

Jones 342,354 

Lafayette 342,364 

Lauderdale 34^344,354-^6 

Lawrence 344,  Si6 

Lee :i44,ai6 

Leflore 344,356 

Lincoln :m-346,355 

LowJides 346,^5 

Madison :«♦),  :«5-356 

Marion 346 

Marshall 346,356 

Monroe 346,356 

Montgomery 346,356 

Neshoba.. 346,366 

Newton 3m,dm 

Noxubee 346,a56 

Oktibbeha 346,356 

Perry :M6-348,  a'»6-a57 

Quitman 348,;r)7 

Wayne :}48,357 

water-lx^aring  horizon.s  of HXi 

welLs,  records  of :fiW-357 

Mississippi  River,  water  of  flood  plain  of.  359. 416 
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w  York— Contiitiied.  Pai;e. 

nnderg^d  waters,  liy  oaantie»— Oont. 

Greene.... 182,201 

Herkimer IK.att 

Utchfleld 208 

UTingston 182,196,202 

Kadieon 182,202 

Monroe 182,202 

Montgomery 182.202 

NMMn... 182,196.202 

Niagara T 182,196,202 

Oneida 182-184,202-208 

Onondaga 184,208 

Ontario 184,208 

Orange 184,197,208 

Orleans 184,208 

Oswego 184,203 

Otsego 184,203 

Patnam 184-186,197,208 

Qaeens 186.197 

Renaselaer 186,208 

Richmond 186 

Rockland 186,197,20:3 

Saratoga 186,198,208-204 

Schenectady 186 

Schoharie 186,2rH 

Schnyler 204 

Seneca 204 

Stenben 186-188,198,304 

SuUivan 188,204-205 

Tioga 188.205 

Tompkins 188,198,206 

Ulster 188,205 

Warren 188,198,205 

Washington 190,205-206 

Wayne 190 

Westchester 190.198,206 

Wyoming 19(K206 

Yates 190,206 

water  reeoorces  of,  diaouspion  of. . .  ItK^lTl 

wells  of,  records  of 172-198 

rton,  W.  H.,  work  in  charge  of 19 

lie,  A.  C,  mention  of 15 

itremital  limestone,  occurf ence  of :fr4 

rkins,  O.  H.,  I'eport  on  Vermont  by 73-9:j 

work  of 18 

oephate  beds,  wells  of 239 

le  Mountain,  Qa.,  sprinKs  of 2!)6 

blications  of  United  Btat«>H  ihH)\ogiv&l 
Survey  relating  t<j  hydrology, 

listof 11-13 

rdne,  A.  H.,  report  on  ArkansiiH  by  .  374-388 

work  in  charge  of 1»  20 

cords,  hydrologic,  value  of 22-24 

ode  Island,  geology  of * 1 19 

hydrologic  field  work  in IH 

hydrology  of 119-125 

springs  of,  discussion  of 122 

records  of 12:3-125 

underground  waters  of,  V)y  counties: 

Bristol 12;i,124 

Kent VA),V£i,\2i 

Newport 120,12:^.124  125 

Providence V^l  122. 12:^  125 

Washington 120.122.12:^ 


Page 

Rhode  Island,  wells  of,  discussion  of 119 

wells  of,  records  of 120-122 

Ripley  sands,  water  of 860 

Bt.  Francis  Dome,  Mo.,  water  of 9S9, 416 

St.  Joe  marble,  water  of 874,385 

St.  Johns  River,  wells  near 288-289 

St.  Peter  sandstone,  water  of 389, 441 

Saratoga,  N.  Y.,  wellsof 160 

Shepard,    E.   M.,    report    on    Missouri 

by 388-440 

work  in  charge  of 19 

Shultz,  A.  R.,  work  in  charge  of \ 19 

Slichter,  C.  8  ,  work  in  charge  of 18 

Smith,  E.  A.,  report  on  Alabama  by. . .  276-331 

work  in  charge  of 20 

Smith,  W.  S.  T  ,  report  on  Joplin,  Mo., 

wells  by 404-408 

Tables,  explanation  of 24-28 

Tennessee,  geology  of 358-859 

hydrologic  field  wo'  k  in 20 

hydrology  of 858-367 

underground  waters  of,  by  counties: 

Benton 800 

Carroll 880,886 

Crockett 380,886 

Decatur 880 

Dyer 390,386 

Payette 880 

Gibson 890 

Hardin 382,896 

Haywood 862 

Henderson ., 382 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington^  D.  C,  March  i,  1904, 

R:  I  have  the  honor  to  transmit  herewith  a  manascript  entitled 
[leview  of  the  Laws.  Forbidding  Pollution  of  Inland  Waters  of  the 
;ed  States,"  prepared  by  Edwin  B.  Goodell,  and  to  request  that  it 
ublished  as  a  water-supply  and  irrigation  paper, 
le  of  the  important  features  involved  in  the  determination  of  the 
)T  supplies  of  the  United  States  and  the  preparation  of  reports 
I  the  best  methods  of  utilizing  water  resources  is  the  character  of 
B  supplies.  In  the  more  populous  sections  of  the  country  the 
ity  of  water  is  dependent  to  a  large  degree  ux)on  the  amount  and 
acter  of  the  pollution  which  is  allowed  to  discharge  into  the 
ims.  Therefore  it  has  been  found  desirable  to  study  different 
3  laws  regulating  and  controlling  this  matter  and  to  determine 
K5ope  of  the  work  to  a  large  degree  according  to  them. 
r.  Goodell  has  presented  the  subject  of  antipollution  laws  in  a 
ner  which  will  be  of  assistance  to  public  officials,  water  compa- 
,  manufacturers,  farmers,  and  legislators,  rather  than  to  members 
le  bench  and  bar.  The  broad  legal  principles  under  which  anti- 
ition  statutes  become  operative  are  explained  and  important 
t  decisions  are  quoteil  to  show  authority  for  various  deductions, 
statutes  enacted  in  the  different  States  are  classified  according  to 
general  scope,  and  an  opportunity  is  tliereb}'^  afforded  to  compare 
•  effectiveness  and  desirability.  In  short,  the  paper  provides 
ific  information  necessary  to  a  popular  knowledge  of  the  condi- 
j  in  each  State  with  respect  to  one  feature  of  the  conservation  of 
ral  water  resources.  Its  distribution  should  be  of  material  assist- 
in  bringing  al)out  a  general  apprehension  of  correct  principles 
I  the  subject. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer, 
)n.  Charles  I).  Walcott, 

Director  United  Sfafi\s  Geologicdl  Survey, 


A  REVIEW  OF  THE  LAWS  FORBIDDING  POLLUTION  OF 
INUND  WATERS  IN  THE  UNITED  STATES. 


By  Edwin  B.  Goodell. 


This  subject  naturally  divides  into  two  parts,  the  first  being  a  sum- 
mary of  the  common  law  upon  the  subject  of  water  pollution — i.  e., 
the  law  as  pronounced  and  determined  by  the  courts  independently 
of  legislative  action — and  the  second  being  a  summary  or  abstract  of 
the  statutes  enacted  by  the  various  legislatures  aimed  at  the  correc- 
tion x)f  the  evil. 

WATER  POIiliUTION  UNDER  THE  COMMON  JjAW. 

The  full  treatment  of  this  branch  of  the  subject  involves  the  exami- 
na-tion  of  the  very  numerous  decisions  which  have  been  rendered  by 
the  courts  in  England  and  the  United  States  in  the  determination  of 
litigations  arising  from  alleged  violations  of  the  right  to  have  inland 
waters  preserved  in  their  natural  state.  It  necessarily  follows  that  a 
^uU  treatment  of  this  branch  of  the  subject  would  be  beyond  the 
scope  of  this  article.  It  is  not  the  purpose  of  the  present  publication 
^  furnish  a  complete  work  upon  water  pollution  for  the  use  of  mem- 
t^ers  of  the  bench  and  bar,  but  rather  to  put  into  the  hands  of  public 
officials  and  others  who  may  be  interested  in  the  subject  a  guide  for 
^lieir  action  and  references  to  the  sources  from  which  a  more  exhaust- 
^v^  knowledge  of  the  subject  may  be  obtained  if  required. 

1  \o  attempt,  accordingly,  will  be  here  made  to  present  a  detailed 
statement  of  the  entire  law  against  water  pollution  as  it  exists  inde- 
pendently of  statutes,  but  this  branch  of  the  subject  will  be  confined 
^o  a  statement  of  the  general  principles  which  are  to  be  deduced  from 
^he  decisions,  with  references  to  some  of  the  leading  cases  which 
Establish  those  princixDles  in  the  several  jurisdictions  of  the  courts 
I'endering  the  decisions. 

PRINCIPLES  AND  DECISIONS. 
CLASSIFICATION. 

These  principles  and  decisions  have  been  classified  and  are  pre- 
sented in  the  following  groups: 
A.  The  rights  of  riparian  owners  to  pure  water  as  against  one 


another. 


i 


S  r-AWS   B-ORBIDDTNO    rNT^AND-WATER    POLLUTION.         Inn  IE 

B-  Tlio  righla  of  l.lie  luiblie  (as  distin^jiiiBlioil  from  individual  oiru- 
BH*}  to  have  inland  waters  kejit  free  from  pollution  by  riparian  owiit-w 
or  others. 

C  The  conditions  under  which,  and  the  extent  to  which,  puWic 
luunioipatities  may  nwi?  inland  waters  in  disposing  of  sewage  nialUT 
I'ntni  public  newers. 

A.  kic;ht«  of  riparian  owners  to  puke  water  as  against  one 
ANtyruER. 

.  In  i>onteiii])lntion  of  law  the  watiir  flowing  over  the  land  is  pari  of 
the  realty  and  belongs  to  the  owner  of  the  soil.  But  the  hitter's  own- 
erahip  thereof  is  a  qnaliHed  one.  He  may  ase  it  in  certain  ways  as  il 
pas.ses,  may  take  from  it  for  his  own  nso  to  a  cortjiin  extent,  and  nm,T 
thus,  incidentulty,  somewhat  diminUIi  its  volume  and  slightly  alter it^ 
character.  Hut  its  nature  is  to  paHs  on  to  the  owners  of  the  adjoiu- 
ing  soil,  and  the  next  owner  has  precisely  the  same  rights  therein  a* 
every  other  owner.  II.  follows,  therefore,  that  as  no  riparian  owusr 
of  a  stream  may  appropriate  all  the  wat.er  which  comes  to  him,  neitbor 
may  he  so  corrupt  or  pollute  it  as  to  injure  the  other  owners  by  dimin- 
ishing the  vain©  of  their  property  in  the  natural  stream.  This  prnlii- 
bition  is  independent  of  any  sttvtute;  it  is  a  part  of  the  law  of  the  laml 

This  conflict  of  rights  between  the  several  owners  lias  given  rise  1" 
litigation  in  many  hundreds  of  instances,  and  it  is  impo.ssible  to  iiiv 
a  rule  limiting  the  owner's  right  to  use  the  water  of  a  stream  as  it 
passes  more  exact  than  this:  Every  owner  may  make  such  us©  of  th^ 
water  for  farming  and  domestic  purposes  as  is  reasonable,  and  ib^ 
lower  owners  must  accept  the  slight  diminution  and  perturbation  o' 
the  water  which  neces.'sarily  follows  from  this  reasonable  use. 

If  the  use  for  farming  or  domestic  purposes  is  challenged  by  anoth*^' 
owner,  the  question  of  its  reasonableness,  in  that  case,  is  to  be  deWi' 
mined  by  court  or  jury  as  a  question  of  fact. 

If  the  water  is  used  for  any  other  than  farming  or  domestic  pur" 
poses,  it  must  be  such  a  use  as  will  not  change  the  character  of  tlit 
water  from  its  natural  state  or  make  it  les.<i  useful  to  other  owners. 

If  the  riparian  owner  cast  sewage,  filth,  or  waste  material  therehi, 
he  does  It  at  his  peril. 

Independent  of  statutory  provisions  there  is  a  i-omedy  for  these 
wrongs  in  the  following  ways: 

By  private  suit  against  the  wi-ongdoer  for  damages. 

By  injunction  when  the  wrong  is  a  continuing  one. 

By  indictment  when  the  injury  atlects  the  rights  of  the  public. 

Where  the  acts  causing  the  pollution  are  done  in  one  jurisdiction 
and  the  injuries  suffered  are  in  another,  the  injured  party  has  his 
remedy  in  a  civil  action  to  the  same  extent  as  i  f  the  injurious  ftot  and 
the  resulting  injury  were  in  the  same  jurisdiction. 
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These  general  principles  will  be  found  to  be  fully  sustained  by  the 
laes.  The  following  are  given,  not  as  an  exhaustive  list,  but  to 
lable  the  reader  to  find  authorities  if  his  needs  require: 

labama: 

Drake  v.  Iron  Co.,  14  So.  Rep.,  749. 

Tenn.  Coal  Co.  v.  Hamilton,  14  So.  Rep.,  167. 

Lewis  t\  Stein,  16  Ala.,  314. 
rkansas: 

State  V.  Chapin,  17  Ark. ,  561 . 
ftlifomia: 

Potter  V.  Froment  et  al.,  47  Cal..  165. 

People  V.  Elk  Riv.  Mill  and  Lumber  Co.,  107  Cal.,  214;  S.  C.  40  Pac.  Rep., 486. 

Mining  Co.  t?.  Mining  Co.,  48  Pa<;.  Rep.,  828. 
olorado: 

City  of  Dnrango  r.  Chapman,  60  Pac.  Rep.,  685. 
onnecticmt: 

Morgan  v.  Danbury ,  67  Conn. ,  484. 

Nolan  V.  New  Britain,  69  Conn.,  668. 
iteorgia: 

Satterfield  v.  Rowan,  83  Ga.,  187;  S.  C.  9  S.  E.  Rep.,  677. 
Jidiana: 

Mnncie  Pulp  Co.  v,  Martin,  55  N.  E.  Rep. ,  796. 

State  1?.  Herring  (Ind.  1897),  48  N.  E.  Rep.,  598. 

State  V.  Wabash  Paper  Co.,48  N.  E.  Rep.,  653. 
fowa: 

Ferguson  v,  Mfg.  Co.,  77  la.,  576;  S.  C.  42  N.  W.  Rep.,  448. 
Kentucky: 

Kinnaird  v.  Oil  Co.  (Ky.),  12  S.  W.  Rep.,  937. 
Maryland: 

Baltimore  v,  Warren  Mfg.  Co.,  59  Md.,  96. 

Price  V.  Lawson,  74  Md.,  499. 
assachusetts: 

Ball  V.  Nye,  99  Mass. ,  582. 

Martin  r.  Gleaaon,  139  Mass.,  183. 

Merrifield  v.  Lombard,  13  Allen,  16. 

Woodward  r.  Worcester,  121  Mass.,  245. 

Dwight  Printing  Co.  r.  Boston,  V22  Mass.,  583. 

McGenness  i\  Adriatic  Mills,  116  Mass.,  177. 
Minnesota: 

Roller  Mills  v.  Wright,  30  Minn.,  254.  • 

Mississippi: 

Mississippi  Mills  v.  Smith,  09  Miss.,  299;  S.  C.  11  So.  Rep.,  26. 
ttissonri: 

Smith  r.  Conathy,  11  Mo.,  517. 
New  Hampshire: 

Hayes  v.  Waldron,  44  N.  H.,  580. 
New  Jersey: 

Holsman  r.  Boiling  Spring  Co.,  1  McCart.,  335. 

Acquackanonk  Water  Co.  v.  Watson,  2  Stew.  Eq.,  366. 

Beach  v.  Sterling  Iron  and  Zinc  Co.,  9  Dick.,  65. 

Same  case  affirmed  on  api)eal,  10  Dick.,  824. 

(See  the  opinion  of  Pitney,  V.  C,  in  the  last  cited  case,  given  in  fnll  below 
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New  York: 

O^Riley  i\  McChesney,  3  Lans.,  278. 

Covert  r.  Cranford,  141  N.  Y.,  521. 

Townsend  v.  Bell,  24  N.  Y.  S.,  (70  Hun.,  557)  193. 

Smith  r.  Cranford,  32  N.  Y.  S. ,  375. 
Ohio: 

The  Columbus,  etc.,  Co.  v.  Tucker,  48  Ohio  St.,  41;  S.  C.  26  N.  E.  Rep., 830. 

Thayer  v.  Brooks,  17  Ohio,  489. 
Pennsylvania: 

Elder  v.  Lykens  Valley  Coal  Co.,  157  Pa.  St.,  490. 

Hindson  i\  Markle,  171  Pa.  St.,  138. 

Stevenson  t\  Ebervale  Coal  Co.,  201  Pa.  St.,  112. 
Rhode  Island: 

Stillman  v.  Mfg.  Co.,  3  W.  &  M.  (R.  I.),  546. 

Richmond  Mfg.  Co.  v,  Atlantic  DeLaine  Co.,  10  R.  I.,  106. 
South  Carolina: 

Threatt  v.  Mining  Co.  (S.  C.  1897),  26  S.  E.  Rep., 970. 
Vermont: 

Snow  V,  Parsons,  28  Vt.,  459. 

Canfield  r.  Andrew,  54  Vt.,  1. 
Wisconsin: 

Middlestadt  r.  Starch  Co.  (Wis.),  66  N.  W.  Rep.,  718. 

Hazel  tine  r.  Case,  46  Wis.,  391. 

Greene  r.  Nunnemacher,  36  Wis. ,  50. 
Wyoming: 

Howell  r.  Johnson,  89  Fed.  Rep.,  556. 
English: 

Mason  r.  Hill.  5  B.  &  Ad.,  1. 

Embry  v.  Owen,  0  Exch.,  35:^ 

Wood  r.  Wand,  3  Exch.,  74s. 

Boaley  r.  Shaw,  (\  East.,  20^. 

CASE   IN   EXCEPTION. 

A  sini^le  case  in  Pennsylvania  seems  to  create  an  exception  to  tk 
operation  ol*  the  principles  above  slated,  viz,  Sanderson  v.  Pennsyl- 
vania Coal  Company,  113  Pa.  St.,  l-<'». 

Tliis  was  a  case  bronjj^ht  by  a  riparian  owner  who  had  established  J* 
home  on  tlie  banks  of  a  stream,  after  ascertainino:,  by  a  careful  inves- 
tigation, tliat  its  waters  were  uncontaminated  by  any  influx  of  dele- 
terious matter,  and  wlio  used  tlie  waters  of  the  stream  for  doiuesti*' 
purposes.  SubsequcMitly  a  coal  mine  was  opened  higher  up  th^ 
stream,  an<l  the  mining  company,  in  the  course  of  its  mining  opera- 
tions, pumped  the  water  from  the  mine  to  the  surface,  where  it  ra" 
into  this  stream  and  rendered  tlie  water  unfit  for  domestic  use.  Tbt' 
case  was  bitterly  contested,  and  came  l)efore  the  court  several  times. 
(See  80  Pa.  St.,  401;  IM  Pa.  St.,  'M),  and  102  Pa.  St.,  370.) 

In  the  final  decision  the  court  refused  damages  to  the  riparian  owner. 
Th(*  reasoning  of  the  court  indicatc^s  that  this  result  was  due  to i^*^ 
unwillingness  to  impose^  upon  the  iuimense  coal-mining  interests I'l 
the  Stnte  the  burden  of  paying  Ioy  W\^  dama*^e  to  property  in  tb^ 
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water  of  streams  caused  by  its  operations;  but  the  reason  given  for 
the  decision,  in  the  court's  attempt  to  harmonize  it  with  the  principles 
firmly  established  by  precedent  in  Pennsylvania,  was  that  the  water 
which  the  defendant  conducted  into  the  stream  was  contaminated 
onl}'^  by  the  coal,  which  was  a  natural  product,  and  hence  was  said  to 
be  conducted  into  the  stream  in  its  "natural  state."  This  reasoning 
is  specious,  since  the  presence  of  coal  in  the  brook  was  due  wholly  to 
the  operations  of  the  defendant  company,  the  stream  in  its  natural 
state  showing  no  trace  of  coal,  and  the  doctrine  thus  established  for 
Pennsylvania  has  not  found  favor  in  any  other  jurisdiction. 

But  in  subsequent  decisions  the  courts  of  Pennsylvania  have  been 
careful  not  to  extend  the  force  of  Sanderson  v.  Pennsylvania  Coal  Co. 
beyond  th5  single  act  of  turning  the  natural  drainage  from  a  mine 
into  a  stream.  (See  Elder  v.  Lykens  Valley  Coal  Co.,  157  Pa.  St., 
490;  Hindson  v,  Markle,  171  Pa.  St.,  138,  and  Stevenson  v.  Ebervale 
Coal  Co.,  201  Pa.  St.,  112.) 

OPINION  OF  VICE-CHANCELLOR  PITNEY,  OF  NEW  JERSEY. 

The  whole  subject  was  thoroughly  treated  in  Beach  t\  Sterling  Iron 
and  Zinc  Company,  0  Dick.  (N.  J.),  05. 

This  was  an  action  for  an  injunction,  brought  by  the  manufacturers 
of  a  white  tissue  paper  against  a  mining  company,  the  water  from 
whose  mines  was  pumped  into  the  stream  above  the  paper  works  and 
befouled  the  water,  making  it  unfit  for  the  purposes  of  the  complain- 
ant. The  opinion  gives  a  careful  and  most  lucid  and  interesting 
review  of  the  course  of  decisions  sustaining  and  enforcing  the  rights 
of  riparian  owners  upon  streams  above  tide  water  to  have  the  water 
in  the  stream  maintained  in  its  natural  condition.  The  decision  of 
the  court  in  this  case  w^as  affirmed  by  the  court  of  errors  and  appeals 
(10  Dick.,  824)  upon  the  ox)inion  of  the  court  below,  which  is 'given 
here  in  full: 

The  material  facts  of  the  case  are  uiidispnt^d.  The  only  dispute  is  as  to  the 
degree  of  discoloration  caused  by  the  defendant's  operations  and  the  length  of 
time  over  which  such  discoloration  extended. 

The  facts  clearly  established  are  as  follows: 

The  Wallkill  River  rises  in  the  southern  part  of  Sussex  County  and  flows  ujx)!! 
a  conrse  of  nearly  north,  passing  through  the  villages  of  Franklin  and  Hamburg. 
At  the  latter  place  is  situated  an  artificial  i)ond,  called  the  Funiace  Pond,  caused 
by  an  old  dam,  upon  which,  for  several  years,  has  been  a  j)ai)er  mill  driven  by  the 
waters  of  the  river  from  that  pond.  The  complainant  Beach  purchased  this 
water  power  and  lands  connected  with  it  in  the  summer  of  1891,  for  the  purpose 
of  erecting  a  plant  for  the  manufacture  of  what  is  known  as  white  tissue  paper. 
Associated  with  him  were  two  gentlemen  by  the  name  of  Sparks,  who  had  previ- 
ously been  engaged  in  the  business  of  waxing  white  tissue  paper  according  to  a 
process  which  they  controlled,  and  the  project  was  to  both  maimfacture  and  wax. 
for  market,  white  tissue  paix*r.  For  that  purpose  the  corporation  was  formed,  of 
which  Mr.  Beach  and  the  Messrs.  Sparks  were  stockholders,  and  the  latter  were 
the  active  managers.    A  large  amount  of  money  was  spent  in  erecting  a  "giant 
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between  tJlf  tlate  nf  tlio  pnrchftse  dnd  tliti  lat  of  Febrooiy,  I80'3.  when  tlw^iMii 

menced  the  manDfartare  iif  white  tissne  pap<^r  and  carrwd  it  on  willi  eaccetttat 
about  a  year. 

The  manufacture  (if  such  paper  requires  »  perfectly  clear,  pare  water,  and  beftm 
purchasiiu;  the  Hmubtirg  water  power  the  coiuplaiiuuitB  inspected  thf  wtream  an 
iuquired  ah  to  its  chAracter  for  clearness,  ntui  fuittsflnd  themselves  tiiat  they  vnotd 
be  able  to  use  it  for  makinj;  white  tissne  pa|>er  wlthont  iiictirrinB  tlic  expense  tit 
filtration,  and  their  experience  for  a  year  prnv»l  that  their  exjwctatiotts  were  jiwt 

In  the  moiitb  of  February.  lUfci.  complaint)*  began  to  come  in  froiu  the  pur 
chanert)  of  tlieir  paper  that  it  was  deteriorating  in  the  matter  of  whiteness,  and 
they  invefltigated  tlie  cuiiso.  The  pond  was  frozen  over,  but  they  knew  by  repn- 
tation  that  mining  opemtiiiuit  were  l>einR  carried  on  at  Greenspot  by  the  defend- 
nnt,  and  tliey  went  there  Marrh  1  and  found  a  ittream  of  highly  colored  w»t« 
flowinft  from  the  defendant's  mine  shaft  into  the  river,  traced  its  effect  in  diaoil' 
oration  to  their  pond,  and  by  nnliseiineut  observations  by  themselves  and  uthan 
in  the  neighliorhwxl  tToced  Ha  effect  i.ot  only  in  and  through  the  Furnace  Pond, 
but  tor  mili-s  down  the  river  to  the  north  of  Hambnrg.  In  fact,  several  regpecta- 
ble  and  <Tedible  witnesses,  called  by  the  complainants,  testified  to  the  discoloralioii 
of  the  water  in  the  Fnmace  pond  and  bc?yond.  and  the  complainanls  were  stopped 
by  the  court  from  proiiiieing  further  evidence  on  that  »nbject  in  the  openiagof 
their  case.  Several  witnesses  calleil  by  the  defeuilant.  among  them  itg  unperiii' 
tendent.  corrolxiTaled  this  evidence,  and  there  is  no  attempt  to  meet  it 

Tho  t'olor  was  a  pet^uliar  red  dish -yellow  tint,  which  was  in  marked  contrMt 
with  the  disooluration  due  tx>  the  ordinary  road  and  field  wash  after  a  heavy  st/mn 
or  spring  thaw. 

ThiB  pecuUar  discoloration  continued  tbronghont  the  month  of  March  imii. 

month  of  April.  Complainants  early  In  March  were  obliged  to  atop  the  mahiiig 
of  white  tiBsne  paper.  Negotiations  between  the  parties  for  some  arrangement  of 
the  matter  failing,  the  hill  was  file<l  on  the  31st  of  April.  I8fl3. 

The  imme<liate  origin  of  the  discoloration  was  as  follows:  The  defendant  coT' 
poration  was  organized  by  two  gentlemen  by  the  name  of  Heckscher  and  two  t>^ 
the  name  of  Wetherill  for  the  purpose  of  reaching  and  working  a  bed  of  fran^  ' 
linite  ore  which  had  been  liKrated  by  boring  exploration  at  a  depth  of  about  ** 
thousand  feet  below  the  surface  near  this  point  called  Qreengpot.     It  was  th^ 
continuation  of  a  seam  of  ore  for  many  years  worked  to  the  Boutliwest  of  Oreen-  ' 
spot  by  two  companies,  one  of  which— viz,  the  Lehigh  Zinc  and  Iron  Company — ^ 
was  owned  anil  controlled  by  the  Heckschers  and  Wetherills.    In  the  spring  oc^ 
early  Hnmnter  of  IHOI  the  defendant  commenced  to  sink  a  perpendicular  shaft..*- 
known  as  the  ''Parker  shaft,''  lUby  L'O  feet  in  diameter,  and  afterpassing  through 
a  small  amount  of  superincumbent  earth  struck  Kolid  limestone  rock.     It  con- 
tinued the  working  without  cessation  until  August  1 1 .  \H9'i,  when,  having  attained 
a  depth  of  StlO  feet  Imany  feet  lower  than  the  l)ed  of  the  Wallkill).  the  workmen 
struck  a  water-l)earing  fisanre  or  rent  in  the  rock,  which  instantly  flocded  the 
mine  and  drove  them  out.     Previous  to  that  time  they  had  encountered  small 
seams  or  fissureH  from  time  to  time,  producing  a  little  water  and  sometimes  a 
little  mud,  which  they  pumped  up.  of  course,  carried  through  a  trough  or  trunk 
several  hundred  feet  westerly  toward  the  Wallkill  till  it  reached  a  small  spring 
run,  where  it  was  dischargt'd,  and  from  thence  it  ran  into  tho  Wallkill.    The 
amount  of  water  up  to  August  was  suiall  and  its  discoloration  was  slight,  so  that 
it  was  not  felt  or  observed  by  complainants.     The  influi  in  August,  181)3,  was 
discolored  by  a  fine  clay,  amounting  almost  to  a  pigment,  having  a  high  reddish- 
yellow  tint  and  intermixed  with  a  small  quantity  of  very  fine  sand.    This  water 
roee  to  within  40  feet  of  the  snrface,  a:id  resisted  all  attempts  to  lower  it  by  the 
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mps  then  in  nae  and  until  very  large  and  heavy  pnmps  were  introduced.  This 
IS  done  in  September.  After  the  shaft  filled  with  water  there  was  no  further 
>venient;  it  became  perfectly  qniet,  and  the  clay  and  sand  began  to  settle,  so 
At  the  water  in  the  upper  reach  of  the  shaft  became  comparatively  clear.  The 
st  water  that  was  discharged  after  heavy  pumping  commenced  came  from  near 
B  tofp  and  was  but  slightly  discolored,  such  discoloration  being  due  to  the  dis- 
rbance  of  the  clay  and  sand  which  had  settled  on  the  timbering  of  the  shaft. 
le  quantity  of  water  stmck  in  the  fissure  was  so  great  that  with  these  powerful 
axxpe  Tery  slow  advance  was  made,  the  pumps  being  lowered  from  time  to  time, 
id  the  greater  the  depth  attained  the  less  rapid  the  advance  and  the  greater  the 
aooloration. 

On  about  the  1st  of  January.  1898,  the  water  was  reduced  to  a  depth  of  420  feet 
om  the  surface,  and  a  delay  there  occurred  of  about  three  weeks,  caused  by  the 
K^eesity  of  establishing  a  pumping  station  at  that  x)oiut.  When  the  rapid  pump- 
g  commenced  again,  at  or  near  the  Ist  of  February,  the  discharge  was  much 
scolored,  and  continued  growing  worse  and  worse  until  the  bottom  was  reached, 
id  there,  without  detailing  the  circumstances,  the  greatest  discoloration  was 
cached,  and  continued  during  the  month  of  March.  The  discoloring  clay  is  so 
ery  fine  in  its  texture  that  a  very  slight  movement  of  particles  of  water  with 
rhich  it  comes  in  contact  will  thoroughly  mix  it,  and  it  will  only  subside  in  per- 
3ctly  still  water.  This  accounts  for  the  fact  that  it  did  not  fully  subside  in  pass- 
ig  through  complainants*  pond,  which  is  (luite  narrow,  so  that  it  is  probable  that 
be  volume  of  the  water  of  the  Wallkill  causes  continued  motion  throughout  its 
?ngth. 

After  the  shaft  had  been  entirely  pumped  out  and  the  volume  of  water  stored 
a  the  fissure  had  been  entirely  exhausted  and  the  flow  reduced  to  the  natural 
npply  of  the  fissure,  and  the  various  water  channels  which  had  been  created 
hroughout  it  by  the  sudden  drawing  off  of  the  water  had  arrived  at  what  the 
xperts  call  an  '*  angle  of  rei)ose,"  so  that  no  further  scouring  resulted  from  the 
low  of  the  ordinary  quantity  of  water,  there  was  no  discoloration  and  the  water 
an  clear.  This  condition  was.  as  claimed  by  the  defendant,  reached  some  time 
a  the  summer  of  1893,  and  the  case  shows  that  from  about  the  middle  of  April  or 
be  1st  of  May  till  about  the  middle  of  July  the  discolorations  were  temporary 
nd  increasingly  infrequent,  and  usually  the  result  of  clearing  out  the  different 
dttling  basins,  called  ''sinks,"  which  had  been  established  in  the  rock  at  different 
oints  in  the  shaft.  Since  that  time  the  shaft  has  been  sunk  over  1200  feet  without 
nding  any  more  water  or  fissures. 

The  proof  is  clear  that  the  result  of  the  contribution  of  this  discolored  water  to 
:ie  waters  of  the  river  was  to  render  the  mixture  when  it  reached  complainants 
till  unfit,  without  filtration,  for  use  in  making  white  paper. 

An  ingenious  experiment  was  made  l)y  an  exix»rt.  as  follows:  H«^  tvsc^ertained, 
y  a  rough  measurement,  that  the  flow  of  the  river  was  about  forty  times  that  of 
le  output  from  the  mine,  and  he  took  a  jar  of  perfectly  clear  water  and  mixed 
nth  it  one-fortieth  of  its  quantity  of  the  dirty  water  that  came  from  tht;  mine, 
Dd  exhibited  the  sample  to  show  to  what  a  slight  extent  it  was  discolored. 

The  dirty  water  which  he  used  had  been  confined  in  a  jar  for  .-everal  months, 
ith  the  result  that  the  fine  particltjs  of  clay  had  partially  coagulated  and  gath- 
red  into  little  flakes,  and  when  shaken  up  did  not  i)roduce  the  sami*  degree^  of 
iscoloration  as  exhibited  when  freshly  tiiken  from  the  running  stream.  But 
ren  that  experiment  .showed  that  th(^  n'sult  of  so  slight  a  mixture  made  the 
rhole  mass  palpably  roilly.  In  point  of  fact,  as  shown  by  the  evidence  of  the 
Xpert  paper  makers,  a  very  small  admixture  of  mud  or  clay  will  render  the 
rater  improper,  without  filtration,  for  making  white  tissut^  i>ai)er:  and  the  effect 
f  that  evidence  is  that  the  river  in  its  ordinary  clear  stA^e  \&  no  c\e^ai\«v  W\imx\& 
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aeoeaBKTj  for  tbst  ptupoee.    A  verj^  gmall  ailmiitiire  of  coloriug'  or  dirtj  nutUt 
renden  it  unfit  for  dm. 

Several  matters  are  urged  in  deffiiisc  to  tliis  case.  First.  Imt  faintly,  that  the 
doctrine  finally  eetabliehed  by  a  bare  majority  of  a  divided  conn  in  Peimsyl- 
vania.inSanderBont>.Th6CoalCnnipany(Rr.Pa.St.,40l:  M  Pa.  St.,  303;  HaPa 
8t.,870.»ndll8Pft.8t.,13e),8honlJheadoptprlhere.  The  hietoTy  of  that  case,  iu 
ita  TUioiB  phaaes,  is  given  by  a  H-riter  in  the  American  Law  Register  (n.  s.  i, 
vdt,  1,  p>  1  (18M).  It  was  an  actiun.  as  here,  hy  a  rijmrian  proprietor  a^ninft  n 
mining  cmnpuiy  for  pollnting  n  niktttral  stream  with  n-ater  ptunped  from  itt 
mine.  After  three  decieionB  by  tim  .'rapretne  court  of  P«nnsylTaiiia  in  favor  of 
the  plaintiff's  right,  that  conrt  fiii^ilty  held  the  coutrary  ami  affirmed  the  ri^bt  of 
the  coal  CEMnpany  to  discharge  it  ^Ill-id  mine  water  into  the  creek,  withont  r^«ri 
to  its  effect  npon  lands  below,  njinii  the  broad  fcronnd  that  the  neci>ssitles  of  tb* 
mining  Interests  of  the  Commoriw-.jiilth  reqnireil  it.  This  result  was  attribnted 
by  the  anthor  of  the  article  in  the  American  Law  Register  (pp.  5,  IMi,  in  part,  to 
a  lack  of  care  on  the  part  of  the  lijiuiied  jodge  who  prepared  the  first  prevailing 
opinion  (88  Pa.  St.  406).  The  dmlriuf  of  that  i-ase  ia  shown  by  that  writer  to  bt 
inharmonions  with  a  long  line  of  pruvinns  derisions  in  Pennsylvania,  and  has  not 
been,  so  far  as  I  can  learn,  followed  in  any  other  State— certainly  not  in  thia 
State.  It  was  repudiated  In  Ohio,  whose  mining  interests  are  quit)  large,  in  ths 
recent  and  w^l-oonsldered  case  i  if  Tho  Columbns,  etc. .  Co.  r.  Tucker  (48  Ohio  St., 
41).  I  refer  particularly  to  the  Ini^iil  expressions  of  the  learned  judge  found  od 
pages  H8  and  OS. 

It  was  not  suggested  on  the  ar<,'um''nt  that  the  doctrine  ever  had  the  lea»t  foot- 
hold in  this  State.  No  case  of  a  slTcaiii  fonled  \iy  mining  operations  has  indwii 
ever,  so  far  as  I  know,  been  prei-iiitod  to  onr  conrts,  but  the  right  of  a  riparun 
proprietor  to  have  the  waters  of  ihe  stream  come  to  him  unchanged  in  qaalitj, 
as  well  as  nndiminiehed  in  qnaiitit.v.  has  been  determineil  in  the  clearest  and 
woHt  positive  manner.  In  fact,  thp  doctrine  stated  so  tersely  by  Chancellot 
Kent  in  Gardner  r.  Newbnrgh  (3  .lolms  Ch.,  183,  at  p.  106|— "A  right  to  a  straani 
of  water  ia  as  sacred  as  a  right  Ui  the  soil  over  which  it  flows.  It  is  a  part  of  tJ* 
freehold  "—Iiaa  always  been  adherml  to  by  onr  courts.  I  need  refer  only  to 
Holsioan  t'.  Boiling  Spring  Co.  <l  McCart..*!.")!.  and  Ac(ina«:ltanonk  Water  Co.  ft 
Wataon  (3  Stew.  Eq..  3(Ml).  In  the  la-nt  cis..'  Hil-  right  waj-  state-l  by  thr  learne*' 
master  in  an  estn-mely  clear  and  comprehensive  mitimer,  and  the  decree  advised 
by  him  was  unanimously  affirmed  on  appeal,  for  the  reasons  by  him  given. 

The  facts  of  that  case  are,  in  a  manner,  analogous  to  those  here  under  con- 
sideratiou.  Wataon  ovrned  anil  operated  a  blestcbery  which  required  for  ns? 
clear  and  pure  water,  which  be  obtained  from  a  small  stream  running  througlJ 
hi.-i  land.  The  water  company,  desiring  to  supply  the  city  of  Paasaic  with  pota- 
ble water,  proposed  to  take  this  small  sttream  al)ove  the  bleachery  and  snbsti' 
tnte  for  it  an  equal  or  great-er  ijuantity  of  Pastsaic  River  water,  drawn  from  the 
Dundee  Canal  and  used  to  drive  its  pumps.  This  the  court  restrained,  on  the 
ground  that  the  snbstituteil  water  was  not  of  equal  purity  with  that  abstracte<l. 

There  is  a  line  of  wises  of  pollution  by  miue  w.iler  in  England  which  sustains 
the  general  doctrine.  Hodgkinsom^  Ennor  (4  Best  and  S..  229),  was  the  case,  as 
here,  of  a  jiaper  maker  against  a  miner  who  had  permitted  dirty  washings  of  lead 
ores  tfj  run  through  rents,  called  "swalletH,"  in  limestone  rockintoa  subterraneous 
stream,  rendering  the  water,  whicli  in  its  course  came  to  plaintiff's  paper  mill, 
imfit  for  use  in  the  manufacture  of  paper,  and  the  action  wa.s  sustained  by  Chief 
Justice  Cockbnrn  and  Justices  Blackburn  and  Mellur. 

M^orc.  Chadwick  (II  Ad.  and  E.,.")?!)  was  a  suit  by  a  brewer  against  a  miner. 

Pennington  '•,  The  Brinsop  Coal  Co.  (L.  K.,-")Ch.  Div.  7B0)  (1877)  was  a  suit  by 
amaimfactnrer  ni-ninxt  a  coal  miner,  where  the  only  allegation  of  injury  was  that 
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le  acid  contribnted  to  the  water  from  the  mine  rendered  it  less  fit  for  nse  in  the 
Dgine  boilers  driving  the  machinery  of  the  plaintiff's  mill.  An  injunction  was 
llowed.  Defendant  relied,  without  success,  upon  the  ground  taken  in  Sanderson 
;.  The  Coal  Co.,  supra,  that  the  acid  could  not  be  removed  from  the  water;  that 
there  was  no  means  of  remedying  the  evil,  and  an  injunction  would  absolutely  stop 
its  work.  The  learned  judge  (Fry)  refused  even  to  exercise  the  right  given  by 
tihe  English  statute  to  give  damages  instead  of  an  injunction,  relying  on  Clowes 
r.  Staffordshire  Waterworks  (L.R.,8Ch.  App.,  125)  (1873),  and  he  declared  that 
he  would  have  granted  the  injunction,  although  the  present  damage  was  only 
nominal,  because  of  the  injury  to  the  riparian  rights  of  the  plaintiff,  and  such  ia 
the  doctrine  of  the  case  relied  on,  which  was  a  suit  by  a  silk  dyeing  and  washing 
ffitablishment  against  a  water- works  company  for  rendering  the  water  coming  to 
their  works  le?s  clear  and  pure. 

The  En<^lish  cases,  dealing  with  polution  by  mine  water,  culminated  in  the  case 
of  Young  V,  Bankier  (L.  R. ,  App.  Cas. ,  691 )  (1898) ,  in  the  House  of  Lords,  on  appeal 
from  Scotland.  The  case  was  argued,  elaborately,  of  course,  before  six  law  lords, 
whose  unanimous  judgments  were  delivered  after  consideration.  The  riparian 
proprietor  (Bankier),  the  plaintiff  there,  was  a  distiller,  and  used  the  water  of  the 
stream  in  his  di8tillin<<  process,  presumably  for  making  mash,  for  which  it  was 
peculiarly  fit  by  reason  of  its  softness.  The  added  mine  water  did  not  render  it 
imfit  for  ordinary  purposes — there  called  primary  purposes — but  by  reason  of  its 
hardness  rendered  it  less  fit  for  distilling  purposes.  Sanderson  r.  The  Coal  Co. 
was  cited,  but  the  court  repudiated  its  doctrine  and  was  unanimous  in  judgment 
in  favor  of  the  respondent,  who  was  the  plaintiff  and  had  judgment  below.  Lord 
Macnaghten,  at  page  699,  says:  **  Then  the  appellant  urged  (precisely  as  does  the 
defendant  here)  that  working  coal  was  the  natural  and  proper  use  of  their  min- 
ora! property.  They  said  they  could  not  continue  to  work  unless  they  were  per- 
mitted to  discharge  the  water  which  accumulates  in  their  mine,  and  they  added 
that  this  water  course  is  the  natural  and  proi)er  channel  to  carry  off  the  surplus 
water  of  the  district.  All  that  may  be  very  true,  but  in  this  country,  at  any  rate, 
it  is  not  permissible  in  such  a  case  for  a  man  to  use  his  own  proi)erty  so  as  to  injure 
the  property  of  his  neighbor." 

There  are  numerous  English  cases  upon  the  general  right  of  a  riparian  proprie- 
tor to  have  the  waters  of  his  stream  come  to  him  in  its  natural  condition,  of  which 
I  cite  Crossley  r.  Lightowler  (L.  R.,  3  Eci.  Cas.,  279;  2  Chan.  App.,  478)  (1867); 
Attorney-General  v.  Lunatic  Asylum  (L.  R.,  4  Ch.  App.,  145)  (1868).  Numerous 
«ther  cases  will  be  found  cited  in  Gould,  Waters,  section  219,  and  in  Higg.  Pol. 
Waterc.  132,  et  seq. 

The  argument  was  advanced  by  the  defendant  that  the  nse  of  the  defendant's 
property  for  mining  i)urposes  is  what  was  termed,  unfortunately.  I  think,  by  Lord 
Cairns,  in  Fletcher  r.  Rylands  (L.  R.,  :\  H.  L.,  mo,  at  pp.  :588.  8:J1»)  (1868),  a  natu- 
ral user,  and  similar  in  that  respect  to  i)lowiiiir  a  field,  and  that  if  it  be  unlawful 
f'>r  defendant  here  to  cast  into  the  stream  the  muddy  waters  from  its  mine  it  is 
also  unlawful  for  the  farmer  to  plow  his  land  and  allow  the  muddy  water  which 
nins  from  it  after  a  heavy  rain  to  reacli  tlie  river.  But  the  very  statement  of  the 
two  cases  shows  the  absence  of  analogy  Ix'tween  them.  In  the  first  place,  the 
water  from  the  plowed  field  comes  thereon  by  natural  causes  beyond  the  fanner's 
control  and  runs  by  gnivity  to  the  stream,  while  in  the  case  of  the  mine  the  water 
i«,  as  here,  found  and  raised  by  artificial  means  from  a  level  far  l>elow  that  of  the 
river  and  would  never  r<'ach  it  ])iit  for  the  act  of  the  miner,  and  in  the  seccmd 
place,  by  the  common  law  of  th»'  land  every  owner  may  cultivate  his  land  without 
regard  to  its  effects  upon  his  neij<hlK»r.  while  such  is  not  the  law  as  to  mining. 
The  supreme  court  (►f  Ohio,  in  Columbus  Company  r.  Taylor  (48  Ohio,  41,  at  p. 
•W),  repudiates  the  notion  that  mining'  was  a  natural  use  oi  WxeVaivvV  \\\  Wi^  ^<^\i3Bft> 
that  fanning"  is. 
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Tbu  KTonnd  of  a  reaRonaUe  natural  naer  Reemn  to  be  at  the  bottom  of  whai  nm 
said  ill  Mi'irlfield  r.  Worcester  (110  Ma^ti,,  216]  upou  this  toiiic.  So  fur  m  th« 
expreesions  tbere  nsed  favor  the  notion  that  a  city  ot  town  muy  ix>llecl  and  dl^- 
char^  sewage  matter  into  r  freab-wat^r  stream  U>  the  injory  of  n  ripariAn  ownn 
without  IJabihty  to  action  they  are  contmry  to  the  law  as  held  in  England  tut 
centnries.  See  Higg.  Pol.  Waterc,,  IflT,  et  Sflq.,  where  several  cases  besidiM  tb«s« 
above  cited  are  collected. 

Equally  luitenable  ie  another  poeition  luWanced  by  the  defeadant,  viz.  tliat  the 
river  wae  always  more  or  leas  pollati.-d  by  contributioQB  from  other  minett  and 
from  tlw  washing  of  plowml  fields,  public  roads,  and  railroad  einl»nkiDenI«. 
Snu-h  insiatments  have  bei-n  frequently  made  and  always  overmled.  Thf  ques- 
tion in  such  cases  seems  to  be  whether  the  Btreaui  has  already  become  so  fir 
poUiitml  by  contribntore  wbo  have  acquired  a  right  so  to  do  by  adverse  nseor 
otherwise  as  that  the  pollution  presently  opposed  will  not  inensibly  alter  its  condi- 
tion. And  even  in  such  a  case  the  conrU  have  held  that  the  party  has  the  rigbl 
to  deal  with  each  contributiir  in  detjiil  and  to  bny  off  siu'h  contribotors  as  havs 
acquired  a  right,  and  is  not  obliged  to  anbiiiit  to  freeh  contributors.  I  cite  the 
following  authorities:  Rosb  i*.  Butler  U  C.  E.  Or.,  ^91,  at  p.  SOfl);  Attomej- 
General  i:  Steward  (-i  C.  E.  Gr..  41.1,  at  p.  41Ht.  where  the  learned  ohaucell'ir 
says:  "  The  defendants  have  no  right  to  pollute  or  corrupt  the  waters  of  U 
creek,  or  it  they  are  already  partially  pollntod  to  reader  them  more  so:"  toOew- 
land  r.  TheOasCo.  (5  C.  E.  Or..  Ml. at  p.  20S);  and  to  Meigs  r.  Lister  (8C.  E.  Or., 
109,  at  p.  2<)5|. where  the  learned  chani^llor  says:  "The  position  taken  bycmmsd 
that  thf  complalunDts  were  entitled  to  no  relief  from  this  nuisance  becanae  tlw 
locality  was  surrounded  by  other  nniiMinces  and  dedicated  to  sncJi  purpows  b«s 
no  fonndatiou  in  law  or  in  fact.  If  there  were  several  nuisances  of  the  likf 
nutnre  surronndiug  them,  they  mnst  seek  relief  from  eat'h  separately.  They  rwi 
not  be  joiupd  in  one  suit  nor  need  tli<>.euits  proceeil  ]Mri  passu. 

In  Crossley  v.  Lightowler  (L.  -ft:,  2  Ch.  App..  478,  p.  4H1.  1887)  Lord  Chelm*- 
ford  says:    "But  the  defendants  contend  that  the  plaintiffs  have  no  right  1" 
complain  of  any  pollntion  of  the  Hebble  octiLiionpd  by  them.  I)ecause  there  an- 
many  other  mannfactiirers  vfho  ponr  polluting  matter  into  the  stream  above  tbr 
plaintiffs'  works,  so  that  they  never  c«>nld  have  the  water  in  a  fit  state  for  im 
even  if  the  defendants  alt^^gether  ceaseil  to  foul  it.    Thecaeeof  St.  Helen's  Smelt 
IngCo.  r.  Tiiiping  (11  H.  L,.Ch..843.  11  Jur.,N.  S..  7M).iB,  however,  an  answer 
to  this  defense.     Where  there  are  many  existing  nninuices.  either  to  the  air  orM     I 
water,  it  i;iay  lie  very  difficult  to  trace  to  its  source  the  injnry  occasioned  by  aDJ'     1 
one  of  them;  but  it  the  cleftmdftnts  add  to  the  former  foul  state  of  the  water  aa^     ' 
yet  are  not  to  lie  resiwiiniWe  ou  aconut  of  it^  previous  condition,  this  conseiinew'*' 
would  follow  that  if  the  iiluintifft*  were  to  make  terms  with  the  other  poDuters  ef 
the  stream  so  as  to  have  water  free  from  impurities  produced  by  their  works,  tb* 
defendantsmightsiiy.*  We  l)egaii  tofoul  thestreamat  a  time  when,  asadainstyoo- 
it  was  lawfnl  fornstodoso,  inasmuch  as  it  wa-s  unfit  tor  your  nse,  and  yon  can  no* 
now,  by  getting  rid  of  theexisting  p'lllutions  from  other  sonrces.prevent  our  con' 
tinning  to  do  what,  at  the  time  when  we  liegan.  you  had  no  right  to  object  to.' 
(Attorney-General  r.   Lunatic   Asylum,  4   Ch.  App..  IJ-I,  p.   l.'iO,  report  of  the 
expert,  and  p.  l.'i.'i.) 

In  Attomey-fieneral  )■.  I^eds  (L.  B..  ,->  Ch.  App.,  rm,  p.  59.->,  1870)  the  lord 
chancellor  pays:  "1  think  the  argument  deduced  from  the  fonl  state  of  the 
water  before  it  gets  lo  Leeds  is  not  deserving  of  any  weight  for  two  reasons: 
First — and  it  U  hardly  disputed — the  evil  did  l>ecome  seriously  aggravated  when 
the  new  sewer  was  opened— that  is  to  say.  sixteen  or  seventeen  years  ago:  and.  sec- 
ondly, the  nuisance  might  terminate;  and  no  one  can  say  it  Wrtu  right  that  when 
iinat«s  there  should  be  another  brought  into  existence." 
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The  sensible  and  ma^rial  increase  in  the  discoloration  of  the  water,  in  this  case 
resulting  from  the  contribution  of  the  defendant's  mine,  is  clearly  proved.  The 
Mnnplainant  was  able  to  make  white  paper  successfully  and  satisfactorily  from  Feb- 
ruary 1 ,  1892,  for  nearly  a  year,  and  until  the  serious  discharge  of  discolored  water 
from  the  defendant's  shaft,  in  January,  1893:  and  they  were  also  able  to  make  such 
paper  after  the  discolored  water  ceased  to  run,  in  June  or  July,  1893.  During  the 
intermediate  period,  while  the  discoloration  of  the  water  being  discharged  from 
the  defendant's  mine  was  the  greatest,  complainant  could  not  make  white  paper 
satisfactorily. 

In  whatever  point  of  view  the  complainant's  case  is  considered  it  seems  entirely 
clear  and  free  from  doubt.    I  can  not  think  the  least  doubt  is  cast  upon  the  law  by 
the  last  decision  in  the  Sanderson  case,  in  Pennsylvania,  and  the  facts  of  the  ease 
are  substantially  undisputed.     The  complainants'  title  and  possession  of  the  ripa, 
though  put  in  issue  by  the  answer,  is  established  by  the  proofs  and  was  finally 
admitted  at  the  hearing.    Their  right  to  have  the  water  come  to  them  in  its 
natural  condition  follows  inevitably.     (Holsman  r.  Boiling  Spring  Co.,  1  McCart., 
8S5,  at  p.  343,  bottom,  and  c^ses  there  cited.)     The  learned  chancellor  there  says: 
"  Where  the  complainant  seeks  protection  in  the  enjoyment  of  a  natural  water- 
course upon  his  land,  the  right  will  ordinarily  be  regarded  as  clear.     And  the 
mere  fact  that  the  defendant  denies  the  right  by  his  answer  or  sets  up  title  in 
Mmself  by  adverse  user  will  not  entitle  him  to  an  issue  before  the  allowance  of  an 
injunction/* 

There  can  be  no  doubt  that,  upon  the  facts  presented,  it  would  be  the  duty  of  a 
judge  to  direct  a  verdict,  and  the  rule  adopted  by  the  court  of  errors  and  appeals 
in  Higgins  v.  The  Water  Co.  (9  Stew.  Eq.,  538)  applies.  I  refer  to  the  language  of 
the  chief  justice  on  page  544  et  seq. 

The  jurisdiction  of  this  court  to  adopt,  on  final  hearing,  the  extreme  remedy  of 
an  injunction  in  this  class  of  cases,  when  fhe  right  is  clear,  is  well  established, 
not  only  by  the  case  just  cited,  but  by  Acquackanonk  Water  Co.  i\  Watson, 
snpra,  which  was  decided  by  the  court  of  errors  and  appeals,  and  by  Holsman  r. 
Boiling  Spring  Co..  supra,  decided  by  Chancellor  Green,  and  by  Shields  v.  Arndt  (3 
Qr.  Ch.-,  234),  and  by  Carlisle  r.  Cooper  (6  C.  E.  Gr.,  576). 

It  was  suggested  that  in  this  case  no  injunction  should  be  ordered,  but  that  the 
complainants  should  be  left  to  their  action  at  law  for  damages.  I  am  unable  to 
adopt  that  view.  It  must  now  be  considered  as  settled  law  in  this  State  that  the 
maintenance  of  a  nuisance  of  the  kind  here  in  question  is.  in  effect,  a  taking  of 
property.  Pennsylvania  Railroad  Co.  r.  Angel  (14  Stew.  Eq.,  316,  p.  329), 
where  Judge  Dixon,  speaking  for  the  court  of  errors  and  appeals,  says:  *'Tliis 
principle  rests  upon  the  exi)ress  terms  of  the  Constitution.  In  declaring  tliat 
private  property  shall  not  he  taken  without  recompense,  that  instrument  s»K*ureH 
to  owners  not  only  the  possession  of  property,  but  also  those  ripjhts  which  render 
possession  valuable.  Whether  you  flood  the  farmer's  fields  so  that  they  can  not 
be  cultivated,  or  pollute  the  bleacher's  stream  so  that  his  fabrics  are  stained,  or 
fill  one's  dwelling  with  smells  and  noise  so  tliat  it  can  not  be  occupied  in  comfort, 
you  equally  take  away  the  owner's  property.  In  neither  instance  has  the  owner 
any  less  of  material  things  than  he  had  before,  ]jnt  in  each  case  the  utility  of  his 
property  has  been  impaired  by  a  direct  invasion  of  the  bonnds  of  his  private 
dominion.  This  is  the  taking  of  his  property  in  a  constitutional  sense.  Of  course, 
mere  statutory  authority  will  n(»t  avail  for  such  an  interference  with  private 
property.  This  doctrine  has  been  frecpiently  enforced  in  onr  courts,"  and  he 
proceeds  to  cite  previous  authorities  in  the  same  court.  If  this  })e  so,  then  the 
legislature  has  no  i)o\ver  to  authorize  the  maintenance  of  a  nuisance  for  the  x^ro- 
motion  of  private  ohjt^cts,  even  upon   terms  of  making  compensation:   fur  no 
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authority  is  neoemary  for  the  rosition  tlaat  the  lefnslatnre  is  powerless  to  mtct* 
law  declaring  tliat  defen<lant  may  have  compluiiiaiits'  mill  and  water  power  npun 
terms  of  pnTitii;  tbeni  what  a  conrt  way  ascertain  it  is  worth.  And  I  am  \aaBt 
to  liistinKuiah  ttnr.'.h  M-tion  ancl  tliitt  of  leaving  i?iiniplainants  to  the  reniwly  ot 
rei)eated  actions  at  law  to  recover  damaffefl  as  often  as  they  ore  Buffered.  In  ihii 
rmpect  our  system  of  laws  varies  from  that  of  England,  where  Pariiaiuent  i) 
omnipotent  auii  is  not  confined  to  the  m<<re  making  of  lawn — the  tme  finii.-ti(ni<)[ 
a  legiriattire— hot  may  take  private  i»ro|»erty  for  private  pnrpoees,  with  orwitbmi' 
makiiiBi'iHnpenBation,theonIy  restraint  upon  ila  power  heing  ita  own  innate teUM 
of  jnstiRe,  Hence  the  English  conrts  are  authorized,  in  cases  of  certain  nnigsunt. 
to  give  damaii'  s  once  for  all  iiiKtead  of  mi  injnnctioii. 

TBe  result  ot  my  consideration  of  the  nnliject  is  that  there  is  no  principle  which 
will  sustain  a  t;aiirt  of  eipiity  in  ri'fnaing  an  injunction  agalnnt  the  maintenaiioe 
of  an  estnlilislie.l  continuing  nuisance  and  leaving  the  injured  ]>art7  to  hisrenifdy 
at  law.  To  do  so  is.  in  effect,  to  permit  a  party  t«  take  his  neighbor's  land  fur 
his  own  line  upon  terms  of  making  such  c^o:npeusationa«a  jury  shall  asatiea.  Tbli 
h  inadmissible , 

The  object  and  ofBc*  of  a  vertiict  and  judgment  at  law  is  to  establieili  the  ri|W 
and  give  compensation  for  past  injnrieN.  The  right  being  onoe  made  clear, 
whether  l>y  jndgmeut  at  law  ur  upon  inrontrovertible  mles  of  law  and  well-estab- 
lished facts,  the  remedy  in  equity  by  injunction  to  prevent  future  injury  is  » 
matter  of  right,  and  the  relief  can  not  l-e  refused. 

The  grouTid,  however,  mainly  relied  upon  by  defendant  is  that  .the  proofs  shuw 
that  the  nuisance  has  entirely  abated  and  thitt  there  is  no  danger  of  its  recurreiKK 
and  hence  an  injunction  in  unnecessary  nud  improper. 

At  about  the  time  the  injnnction  was  itwued^nly  17.  1898— defendant  pnr 
chased  a  small  tract  ot  laud  skirtin^;(  the  railroad,  between  the  shaft  and  the  river, 
and  estJiblishei]  on  it  ii  si-ttling  basin,  into  which  tlic  luine  wiitor  wn.s  turiieii  and 
given  opportunity  for  tjubsiden.-e  Itefore  noacliiug  the  river.  Tlie  t«tjult  was  tii»t 
it  was  Bubetantially  clear,  and  no  further  injury  has  been  since  felt  at  the  pspn 
mill.  It  is  also  in  proof  that  from  that  time  up  to  July,  l)iV4,  the  water  wu 
UBual'y  clear  when  it  came  from  the  mine.  At  the  sessions  of  December  27  ami 
December  'i>*.  1^03,  PTofe8.sor  Nation,  a  coiripetent  geologist  and  mining  expert, 
testified  that,  in  his  opinion,  no  further  clay  and  water-bearing  seams  or  rents 
would  1)6  met  in  the  course  of  defendant's  mining  operations,  and  that  the  rent 
which  had  given  so  much  tronble  had.  by  natural  causes,  become  harmless.  It 
was  not  suggested  that  all  or  any  large  jiroportion  of  the  discolored  clay  deposit  had 
l)een  removed,  but  the  theory  was  that  the  descending  water  had  worn  channels 
in  the  clay,  ri-sulting  in  little  rivulets  centering  at  the  section  by  the  shaft,  and 
that  the  scouring  power  of  the  water— that  is,  its  power  to  bring  down  clay — had 
ceased  by  reason  of  the  clay  banks  and  beds  of  the  little  rivulets  having  arrived 
at  an  "ang'e  of  repose."  The  stability  of  this  state  of  affairs  depends,  of  conrce, 
upon  the  uniformity  of  the  flowof  water,  both  as  toquantily  and  source  of  inflow, 
and  Profess  r  Nason,  on  cross- esaminatiou.  admitted  some  uncertainty  in  this 
respect.  After  his  examination  and  the  close  of  th'  evidence  on  both  sidee.  and 
before  the  argument,  viz,  about  July  Ift.  1804.  an  unexpected  influx  of  mnddy 
water  occurred,  due  to  an  overflow  from  a  flume  carrying  water  from  the  neigh- 
boring mine  of  the  Lehigh  Zinc  and  Iron  Comi>any,  which  found  its  way  into  the 
seam  or  rent  at  a  pomt  where  it  came  to  the  surface,  about  I  .HOD  feet  from  the 
Parker  (defendant's)  shaft.  This  opening  was  a  surface  fissure  or  swallet  in 
the  rock— quite  common  where  limestone  ro.ks  come  to  the  surface.  In  this 
case,  as  I  understand  Professor  Nason,  he  did  not  supi>ose  or  infer,  from  the  tr«nd 
of  the  fissure,  that  it  reached  the  surface  in  that  neighborhood,  but  such  was  the 
fact.  It  was  promptly  stopped  by  defendant  and  filled  up,  so  us  to  prevent  any 
more  wat«r  getting  in  s'  *'- 
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Now,  it  seems  to  me  that  this  occnrrence  shows  the  impossibility  of  affirming 
lat  there  will  be  no  farther  incursions  of  mnddy  water.  It  is  tme  that  with  the 
mtinned  use  of  the  settling  ground  no  injury  will  probably  result  to  complain- 
its  from  such  an  irruption.  I  say  '*  probably,"  because,  in  case  of  a  sudden 
mption  of  discolored  water,  the  quantity  might  be  so  great  as  to  overwork  the 
resent  settling  basin.  But  without  a  decree  and  injunction  the  defendant  will 
B  at  liberty  to  discontinue  its  use  and  permit  any  muddy  water  that  may  appear 
)  flow  into  the  Furnace  Pond  as  of  old. 

At  the  time  the  complainants  filed  their  bill  the  injury  was  seriou )  and  continu- 
tus.  The  defendant  ]X)eitively  declined  to  stop  it,  but  claimed  the  right  to  con- 
3nue  it.  To  complainants'  bill  was  interposed  a  general  denial,  and  setting  up  a 
right  to  persist  in  the  injury  as  long  as  its  necessities  required.  On  all  these  issues 
the  defendant  is  beaten.  The  complainants  have  established  their  case,  and  it 
would  seem  to  be  a  most  lame  and  impotent  conclusion  to  refuse  to  give  them  the 
very  relief  prayed  for,  viz,  a  peri)etual  injunction.  I  am  unable  to  imagine  any 
other  decree  in  their  favor  which  would  adequately  meet  the  case  and  give  them 
the  just  fruits  of  their  suit;  and,  surely,  if  there  is  no  danger  of  further  discolora- 
tion the  injunction  will  do  the  defendant  no  harm,  but  will  be  of  value  as  a  muni- 
mentof  title  to  the  complainants'  property.  The  language  of  Lord  Justice  Turner, 
inOoldsmid  v,  Tunbridge  Wells  Commissioners  (L.  R.,  1  Ch..  App.,  349.  p.  355), 
applies:  **  In  this  particular  case  I  think  that  regard  must  be  had  not  merely  to 
the  comfort  or  convenience  of  the  occupier  of  the  estate,  which  may  only  be  inter- 
fered with  temporarily  and  in  a  partial  degree,  but  that  re;?ard  must  also  be  had 
to  the  effect  of  the  nuisance  upon  the  value  of  the  estate  and  upon  the  prospect 
of  dealing  with  it  to  advantage;  and  I  can  not  but  think  that  the  value  of  this 
estate,  and  the  prospect  of  advantageously  dealing  with  it,  is  and  will  be  affected 
by  the  continuance  of  this  nuisance.*' 

Bat  the  defendant  further  urges  that  the  complainants  have  manifested  a  dis- 
position to  make  an  unreasonably  harsh  and  oppressive  use  of  their  rights  in  the 
premises,  and  have  thereby  weakened  their  standing  in  equity  and  disentitled 
them  to  the  extreme  decree  asked  for. 

In  the  month  of  March,  1893,  while  the  outflow  from  the  mine  was  at  its  worst, 
negotiations  took  place  between  the  parties  for  some  sort  of  settlement,  and  a  fil- 
ter was  mentioned.  The  complainants  offered  to  be  satisfied  if  defendant  would 
furnish  them  with  a  filter  of  proper  si^e,  which  they  said,  and  about  which  there 
is  no  dispute,  would  cost  $5,000.  The  defendant  offered  to  pay  one-half  of  the 
<?xpense  of  the  filter,  the  same  to  he  in  full  compensation  for  all  damages  up  to  . 
the  time  it  was  furnished,  whicli  offer  the  complainants  refused  to  accept.  I  cran 
see  nothing  harsh  or  oi)pressive  in  that  refusal. 

Next,  and  after  bill  filed,  as  I  now  recollect,  defendant  made  an  arrangement 
with  the  tenant  of  a  gristmill,  located  n]x>n  a  little  stream  which  empties  into  the 
Furnace  Pond,  for  a  right  to  divert  water  from  the  mill  and  carry  it  by  a  flume 
several  hundred  feet  down  to  the  complainants'  works  and  furnish  them  with 
clear  water  from  that  stream.  Complainants  employed  an  expert  to  examine  the 
stream  and  see  whether  it  would  supply  sufficient  w^ater  for  their  paper  engines, 
with  the  result  that  they  were  informed  and  belie ve<l  that  it  was  not  sufficient, 
and  declined  to  accept  It  as  a  substitute  for  the  river  water.  The  defendant, 
nevertheless,  in  the  face  of  etnnplainants'  refusiil.  built  the  flume — a  mere  wooden 
trough,  set  upon  Ixjnehes  and  trestles— along  the  surface  of  the  ground  down  to 
the  mill  yard  of  the  (•()mx)liiinants.  The  complainants  refused  to  allow  it  to  be 
put  across  their  mill  yard,  because  it  would  prevent  them  from  having  access  to 
their  works  and  fro:u  free  passage  with  charts  and  wagons  from  one  part  to  the 
other,  and  said  that  anythiniij  of  that  kind  must  be  put  underground  in  iron  pipes. 
Bat  the  radical  difficulty  with  that  movement  (m  the  part  of  the  detexkAaxA,  ^^^ 
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tlmt  tlie  right  U)  the  use  of  the  wuter  was  merely  obtained  temporarily  inmt 
mere  t«Dant  of  tliB  mill  [iroperty,  and.  did  not  ^i^'^  tb<^  complainants  aay  prnm- 
iient  ri){ht  to  tlif  flow  of  the  Btream.  even  it  it  had  1jeen  lar^e  enough  for  theit 
piirpoBCfl.  I  ran  see  aotbint;  ba»ii  or  oppreBsive  in  cu:iip1aiuaDte'  ac-tion  in  iffiu- 
ing  this  offer  of  eubstitnlion.  They  not  only  had  the  strict  right  in  law  to  refii>e 
tiac('«ptthem,bnt  thfir  condnut  in  so  doing.iuinyjndjrment,  wan  not  ineiiaitablD. 
I  sh^l  advise  a  decree  eHtablishing  the  complainants'  right  to  the  flow  of  the 
stream  in  iti;  natnral  condition  and  an  injunction  with  costs. 


WhiTo  fin  injnriiiiis  acl  in  one  Stal«  is  so  far-i-oachinji  in  its  injiiri- 
OU3  eonseqiipnces  as  to  throalc-ti  tho  rights  of  property  and  tlie  lieallh 
of  a  large  number  of  citizens  in  another  State,  the  latter  StAtt-  maj 
become  a  party  complainant  in  the  Supreme  Court  of  the  United  st^iWs 
to  enforce  the  legal  remedies  of  its  citizens  for  such  injuries,  {Mif- 
eouri  i:  niinois  et  al.  (U.  S.  Supreme  Court,  October  term,  1900),  ISi 
U.  S.,  208.) 

This  wa«  a  cjise  in  which  the  Stale  of  Missouri  sued  to  restrain  Ihr 
SInbe  of  Illinois  and  the  Sanitary  District  of  Chicapo  from  cariyinp 
the  sewage  of  Chicngo  through  an  artificial  cJiannel  tu  the  Mississippi 
Hiver.  The  riglit  of  the  State  of  Missouri  to  protect  its  citizens  bf 
this  Hction  and  lo  implead  the  State  of  Illinois  as  a  part>'  defendant 
and  to  have  an  injunction  against  the  defendants  in  case  the  fad! 
allied  in  its  bill  ahotild  lie  estaMishwI  wjvs  upheld  by  a  divided  court 
in  overruling  a  demurrer  to  the  bill.  The  defendants  have  answewl, 
but  at  the  time  nf  the  present  writing  the  llnal  hearing  has  not  bwu 
i-eached.  | 

B.  KKiHTS  UK  THE  ITBLK.'  (AS  DISTlNViltlSHErt  FROM  INDmnUAl. 
OWNERS)  TO  HAVE  INLAND  WATERS  KEPT  FREE  FROM  POLLDTIOS 
BY   RIPARIAN   OWNERS   OR   OTHERS. 

Whenever  the  pollution  of  a  stream  or  other  body  of  water  injuri- 
ously affeclF-  the  health  or  materially  interferes  with  the  peace  ao'^ 
comfort  of  a  large  and  indefinite  number  of  i>eople  in  the  neighba*" 
hood,  such  pollution  becomes  what  is  known  as  a  public  nuisane-^ 
But,  except  under  such  circumstances,  the  pnblic,  as  such,  has  i*' 
standing  to  prevent  the  pollution  of  waters.     When,  however,  the*' 
is  a  public  or  quasi-public  ownership  of  the  banks  of  a  stream,  as  f 
the  ease  of  a  source  of  wat«r  supply  ownwl  by  a  municipality  f^ 
owned  by  a  company  which  supplies  the  inhabitants  of  a  munic-^^ 
Iiality  with  watcir,  the  public  is  inlei-ested  in  the  enforoement  of  th 
rights  of  riparian  proprietors  as  stated  under  heading  "A." 
'    Where  there  is  a  public  nuisance  caused  by  the  pollution  of  water  ' 
it  is  the  duty  of  public  authorities  lo  cauNC  its  atiatenient,  and  theii* 
right  to  do  so  has  been  s^ustiiiued  in  uumerons  cases.     Where  the* 
public  is  injured  iu  its  capacity  of  riparian  owner  tlie  remedy  isM 
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either  by  injunction  or  by  criminal  proceedings,  according  to  the 
nature  of  the  wrong  and  the  laws  and  practice  of  the  jurisdiction  in 
iprhich  the  offense  occurs. 

The  following  are  cases  in  which  the  pollution  of  water  has  been 
held  to  be  a  public  nuisance : 

Bo^  of  Health  v.  Casey,  3  N.  Y.  S.,  399. 

People  17.  Elk  River  Mill  and  Lmnber  Company,  107  Cal.,  214. 

State  V,  Taylor,  29  Ind.,  517. 

Qreene  v.  Nnnnemacher,  36  Wis.,  50. 

C.  CONDITIONS  UNDER  WHICH,  AND  EXTENT  TO  WHICH,  PUBLIC 
MUNICIPALITIES  MAY  USE  INLAND  WATERS  IN  DISPOSING  OF  SEWAGE 
FROM  PUBLIC  SEWERS. 

This  subject  has  but  recently  been  receiving  attention  from  the 
courts.  It  seems  to  have  been  the  custom  of  municipalities  to  dis- 
charge their  sewers  freely  into  the  larger  streams,  and  until  within 
the  last  few  years  but  little,  if  any,  objection  to  the  practice  has 
fonnd  its  way  into  the  courts.  Latterly  the  increase  of  population, 
with  the  consequent  increase  of  the  amount  of  sewage  matter  so  dis- 
charged, has  brought  about  a  condition  of  affairs  that  has  produced 
opposition  and  in  many  cases  litigation.  The  principles  established 
by  the  decisions  thus  made  necessary  are  briefly  summarized  as 
follows: 

Municipalities,  if  riparian  owners,  have  the  same  rights  and  are 
subject  to  the  same  restrictions  in  the  use  and  treatment  of  the  water 
flowing  over  their  lands  as  private  owners  are — i.  e.,  they  may  deposit 
sewage  and  other  filth  in  such  waters,  provided  always  that  by  so 
doing  they  cause  no  injury  to  property  below  them.  Where  munici- 
palities are  expressly  authorized  by  statute  to  ctmstruct  a  system  of 
sewerage,  and  to  cause  the  sewage  matter  to  be  discharged  into  any 
particular  waters,  the  statutory  authority  is  to  be  exercised  subject 
to  the  implied  condition  that  such  discharge  will  not  constitute  a 
nuisance.  Legislative  authority  can  go  no  further  than  to  authorize 
municipalities  to  acquire  the  rights  of  lower  owners  by  purchase  or 
condemnation,  because  of  the  constitutional  restriction  against  taking 
private  property  for  x^ublic  use  without  just  compensation. 

It  will  thus  be  seen  that  the  increase  of  population  under  the 
present  conditions  and  with  the  now  prevalent  methods  of  sewage 
disposal  in  cities  is  rapidly  leading  to  a  condition  of  affairs  which  will 
call  for  radical  changes.  Many  cities  will  find  themselves  unable  to 
dispose  of  their  sew^age  matter  by  means  of  rivers  without  enormous 
expense,  and  probably  not  without  additional  legislation.  As  will  be 
seen  hereafter,  the  subject  is  already  receiving  serious  attention  from 
legislators. 
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CITATION  OF  CASKS. 

Ttic  fullowiiiy  fiiw?,H  will  Id'  fniiinl  tu  siifiluiii  Hit'  j;i'in.-nil  primijilw 
almve  stated: 

English: 

Goldamid  i'.  Tnnhri«lK<'  Wells  Imp.  Cum..  L,  R..  I  f.lian.  App..  34it, 

Holt  >:  Rochtlalfi,  L.  R.,  10  Er).  Cuses.  ;iri4. 

Attoniey-General  v.  Leeds,  L.  R.,  n  Chan.  App..  5N"i. 

Attomey-Geiierftl  v.  Richmond.  L.  R..  3  Eii.  Cases,  ■100, 

Attomey-rt«neral  r.  Hackiiey  LoghI  BoHni,  L,  R..  20  Eq.  Caaea.  636. 

Attorney- General  r.  Cockermonth  Local  Board.  L.  R.,  IS  Eq.  Cases.  ITS, 

AttDmey-QeDeml  v.  Lnton  Local  Board,  2  Jnrist,  ISO. 

Atlompy-Oeneral  c.  Halifax,  39  L.  J.  (N.  8.),  120. 

Nortli  StaffordBliire  R.  R.  Co.  v.  TnnBtall  Local  Board.  39  L.  J..  Chan..  131. 

Attorney-General  c.  Eingstun  on  Thames,  34  L.  J.,  4N1. 

Attomey-Genetal  r.  Basingstoke.  i!i  L.  J.  (N.  S.).  726. 

Attorney-General  t'.  C-olney  Hatch  Lnnatic  Aeylnm,  L.  R.,  4th  Cli.  Divji'l. 

Attorney-General  r.  Birmingliain.  4  Kay  &  Johns..  528. 

Attorney-General  i:  Metropolitan  Board  of  Works.  I  H,  &  M..  898. 

Bidder  '■.  Croyden  Local  Boinl.  ft  L.  T.,  TTS. 

Manchester.  elt\.  Railway  Cf>.  i".  Worksop  Board  oC  Health,  23  Beav..  IBS. 

Oldaker  v.  Hunt.  «  De  Gei.  McN.  &  G.,  STil. 
California: 

People  1-.  City  of  San  Lnia  Dbispo.  116  Cal..  817. 

Peterson  c.  City  of  Santa  Rosa,  51  Pac.  (Cal.),  057.  , 
Connecticnt: 

Morgan  v.  Danbnry.  67  Conn..  484. 

Nolan  t'.  New  Britain,  69  Conn.,  668. 
(See  extracts  from  opinions  in  the  Conn,  cases  given  lielow.) 
Georgia: 

Colombia  At.  Savings  Fnnd.  etc..  Co.  v.  F^son  Commission  of  Georgi*' 
Fed.  Rep.,  801  (Cir.  Ct.  West  Div,  Gft.,  1N99). 
niinois: 

VilUige  of  Dwight  v.  Hayes,  150  lU. .  273. 

Robbr.  Village  of  La  Grange  (1895),  ISMHl.,  31. 

Barrett  V.  Cemetery  Assn.,  159  111.,  38,'>. 

Randolf  v.  Town  of  Bloomfield.  77  la..  SO. 

Longhranv.  City  of  Dea  Moines,  72  la.,  382:  S,  C.  34  N,  W.  Rep.,  172. 
Kansas: 

Topeka  Water  Supply  Co.  t'.  City  of  Potwin.  43  Kan.,  404. 
Maasachnsetta: 

Bainard  v.  Newton  (Mass.  Snp.),  27  N.  E.  Rep.,  99.'>.  and  ir>4  Maas..  3-'>r>. 

Moree  v.  Worcester,  139  Mass.,  389. 

Boston  Rolling  Mills  r.  Cambridge,  117  Ma.4B..  396. 

Haskell  v.  New  Bedford,  108  Mae.-*..  208. 

Woodward  v.  Worcester,  121  Mass..  Si,'). 

Middlesex  Co.  v.  Lowell,  149  Maaa.,  509. 
Missonri: 

The  JopUn  Consolidated  Mining  Co.  r.  City  of  ■Toi)lin,  134  Mo..  129. 
New  Hampshire: 

Vale  MUla  v.  Nashua,  63  N.  H.,  136. 
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New  Jersey: 

Sayre  v.  Newark,  42  At.,  1068,  and  58  N.  J.  £q.,  136. 

Doremns  v.  Paterson,  63  N.  J.  Eq.,  605. 

State  r.  Freeholders  of  Bergen,  1  Dick.,  173. 

Atty.  Gen.  v.  City  of  Patereon,  45  Atl.  (N.  J.,  1900),  995;  60  N.  J.  Eq.,  385. 
Nevr  York: 

Butler  V.  Village  of  Edge  water,  6  N.  Y.  S.,  174. 

Chapman  r.  City  of  Rochester,  110  N.  Y..  273. 
Pennsylvania : 

Good  r.  Altoona  City,  162  Pa.  St.,  493. 

EXCERPTS  FROM   IMPORTANT   DECISIONS. 

In  Owens r.  Lancaster  City  (182  Pa.  St.,  257,  and  193  Pa.  St.,  436)  the 
right  of  a  city  to  use  a  stream  passing  through  it  as  an  open  sewer, 
subject  only  to  liability  for  any  injury  done  to  adjoining  property 
through  its  negligence,  seems  to  be  conceded. 

As  to  the  limits  of  this  right,  and  the  consequences  for  which  the 
mnnicipality  would  be  liable  in  the  State  of  Pennsylvania,  see  the 
following  cases: 

The  city  was  held  liable  for  injury  done  to  plaintiff's  wharf  by 
dex)osits  from  a  sewer,  in  Butcher's  Ice  and  Coal  Company  v.  Phila- 
delphia.    (166  Pa.  St.,  54.) 

It  was  held  liable  to  a  lot  owner  for  maintaining  a  sewer  mouth  upon 
his  lot,  in  Harris  v.  City.     (155  Pa.  St.,  76.) 

It  was  held  liable  for  destroying  the  value  of  wells,  caused  by  the 
flowing  of  i)olluted  river  water  into  them  by  underground  passages, 
in  GoodiJ.  Altoona.     (162  Pa.  St.,  493.) 

It  was  held  liable  for  damages  caused  by  accumulations  of  filth, 
ashes,  or  other  material,  that  obstruct  the  flow  of  the  water  and  throw 
it  out  upon  the  lands  of  adjoining  owners,  in  Blizzard  v.  The  Burough 
of  Danville.     (175  Pa.,  479.) 

In  Owens  v,  Lancaster  City  (182  Pa.  St.,  257),  at  page  262,  Mr. 
Justice  Green  remarks,  obiter:  "We  apprehend  the  same  principle 
^ould  apply  to  the  injury  inflicted  by  allowing  offensive  and  injurious 
^ors  and  smells  to  issue  from  the  polluting  substances  discharged 
into  the  stream  from  the  city  sowers." 

Nolan  V.  New  Britain  (69  Conn.,  OOH)  was  an  action  for  damages 
Caused  by  the  defendant's  discharge  of  its  public  sewers  into  a  stream 
Called  Pipers  Brook,  which  ran  through  plaintiff's  land. 

The  city  had,  in  1872,  under  alleged  legislative  authority,  condemned 
^nd  taken,  and  condemned  the  right  to  take,  occupy,  and  appropriate 
I^ipers  Brook  for  sewer  purposes,  but  plaintiff  did  not  appear  in  the 
PitKJeedings,  nor  was  any  award  made  to  him. 

Significant  excerpts  from  the  supreme  court's  opinion,  by  Andrews, 
C  J.,  are  here  given: 

The  use  of  Pipers  Brc)ok  which  the  complainant  charges  that  the  defendant  has 
^oade,  unless  there  is  a  lawful  warrant  therefor,  causes  a  public  nuisance.    *    *    * 
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That  it  wcmld  Ije  u  jjublii-  noiaauce  to  render  the  water  of  s  streain  ho  impure  tluit 
it  (Kiuld  not  be  nHed  for  domuitic  porpusea  or  (or  watt'rinK'  (4itt1«,  anil  fo  ihai  it 
gave  off  uozioiis  and  unhealthy  odora  is  hardlf  opni  to  qnention  (Chapman  r. 
R(ichtst«r.  HON.  Y.,3?3),  fur  the  rensciii  that  these  t^Kiseswinitdinjtirioiudy  affect 
every  riparian  owner  along  the  whole  Xei^h  of  the  Rtreani  and  every  j^rsoQ  whu 
lived  near  it.  If  a  municipal  corporation,  in  tlieabeenceof  a  legal  right  to  dose. 
causes  sewage  topolhitea  waterconrae.to  thenseof  whirh  a  lower  owner  throogli 
ivliose  premiHeH  the  water  conree  flowa  ie  entitled,  it  is  gnllty  of  a  nnlsaiice  f<>r 
which  duniagea  may  be  recovered.     [Muuy  nntbnrities  cited.] 

On  page  ij^l,  »ftor  aa  I'xiimiiiatioii  of  tlu>  alleged  Htatiitory  autlior- 
ity,  the  opinion  continiieH; 

If  it  h»d  lieen  the  intent  nf  the  legislutnn*  1>y  the  act  of  1873  !«  authorize  tbs 
OommoD  council  of  the  city  of  New  ItrilHiii  to  take  or  to  affect  any  lands  oalailf 
of  the  city  limita,  it  is  certain  theje  would  have  Ikvh  in  the  act  fwime  pnivisinti  lor 
the  ascertainment  of  damages  to  be  paid  to  the  landowner.  The  right  of  tht 
plaintiff  to  have  the  water  iif  Piperx  Brook  flow  through  his  land  as  it  badliefD 
accustomed  to  flow  (i.  e.,  pure  and  uitcrintaminat^l )  is  not  an  easement,  bat  is 
inseparably  annexed  to  the  soil.  I  Wadsworth  '■.  TilioLwin.  Vi  t'onn.,  3S8. 373.) 
To  deprive  the  plaintiff  of  that  jiart  of  ids  soil  for  the  puriK>8eB  nained  in  th»t  act 
would  be  the  taking  of  private  property  for  pulilii-  une,  and  the  plaintiff  would 
be  entitled  to  have  juot  compenaatioii. 

As  tlie  euraplainant  lived  outside  the  city  limits,  it  was  held  lliat  he 
was  in  no  way  affected  by  the  asses-snieiit  proceed ings. 

The  other  defenses  amounted  to  a  claim  of  right  to  sneh  use  of  the 
stream  by  prescription.  As  to  this  defense  the  coitrt  says,  at  pii^i-' 
683:  "  I 

Tlie  sixth  defense  presents  the  (piestion  of  prescription.    We  have  nlreaily  indi- 
cated our  iijiiiiiiiii  tliiit  the  use  of  Piiiers  Brotik.  of  which  the  plaintiff  coiuplHiM- 
is  a  public  nuisance.    We  snpjtose  the  law  t^  )>e  so  that  a  public  nnisance  can  not 
be  prescribed  for.    No  lengtli  of  time  can  legitimate,  or  enable  a  party  to  pre- 
ScrilJe  for,  a  public  nuisance.     (People  i-.  Cnnningham,  1  Decio,.  K4;  Mills  r.  HaU. 
0  Wend.,  31.1;  Veazie  i:  Dvrinel.  'lO  Me.,  470, 400;  Commonwealth  v.  Upton.6  GruV- 
471,  470;  Wood  on  Nuisances.  722;  19  Am.  and  Eiig.  Encyc.  of  Law.  80.)    When 
an  action  is  brought  by  a  party  who  has  suffered  a  special  injury  in  conseiiuen':* 
of  a  public  nniKance,  a  prescriptive  right  to  do  the  acts  complained  of  can  not  t^ 
maintained  against  him.     (Bowen  v.  Wendt,'  Ifft  Cal.,  238:  People  i".  Gold  Rw**- 
et«..  Mining  Co.,  66  Cal.,  138;  Bostim  Rolling  Mills  r.  Cambridge.  117  Mass..  3(^' 
O'Brien  r.  St.  Paul.  IS  Minn.,  176;  Ci>oley  on  Torts.  HU.)     There  isnooccasion  "• 
discuss  this  defense   further,  because  the   defemlant's  counsel,  in  their   bri  ■^ 
expressly  disclaim  that  any  right  can  be  obtained  by  prescription  to  commit  soi^ 


In  Morgan  v.   City  of  Danbnpy  (07  Conn.,  484)  the  question  o-^ 
restraininfj  a  <uty  from  pollutiuR  the  water  of  a  stream  by  sewage,  a 
the  suit  of  a  mill  owner  below  the  city,  was  thoroughly  dtscusHed. 
and  the  injunction  sustained.     The  opinion  is  written  by  Baldwin,  J.,* 
and  the  important  portions  of  it  are  as  follows  (p.  -103): 

The  nuisance  thus  complained  of  consisted,  then,  of  discharging  into  a  river. 
above  the  plaintiff's  premises,  certain  sulntances  of  a  kind  and  in  such  a  manner 
that  the  water  came  to  him  polluted,  and  a  deposit  was  made  upon  his  land  and 
in  bis  mill  pond,  w^*      '  '^os  odors  were  created,  dangerous  to  his  health  and 
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i^liat  of  others,  his  dam  partly  filled  np  by  filth,  and  the  nse  and  value  of  his  prop- 
erty largely  taken  away — ^injuries  which  the  defendant  intended  to  increase  by 
enlarging  its  sewer  system,  and  adding  to  the  amonnt  of  the  deposits  made  from 
the  sewers  in  the  river,  the  result  of  which  would  be  to  fill  up  his  mill  pond  with 
filth  and  sewage,  and  make  his  property  valueless. 

These  allegations  were  denied,  but  they  have  been  found  true,  and  there  is 
nothing  inconsistent  with  their  truth  in  the  special  finding  of  facts.  They  stated 
that  the  deposits  from  the  sewers  both  filled  up  the  plaintiff's  mill  pond,  and  pol- 
luted the  air  he  breathed  and  the  waters  that  flowed  over  his  property.  These, 
though  proceeding  from  the  same  act,  produced  separate  injuries.  A  nuisance 
was  created  with  a  double  aspect.  That  to  the  waters  of  the  stream  and  the  air 
above  it  it  was  found  constituted  a  public  nuisance,  though  it  was  one  which  also 
wrought  a  special  and  peculiar  injury  to  the  plaintiff.  That  from  filling  up  the 
mill  pond  constituted  simply  a  private  nuisance.  (Haskell  v.  New  Bedford,  108 
Mass. ,  208,  216;  Brayton  v.  Fall  River,  113  Mass. ,  218, 229. )  It  was  proper  that  the 
injunction  should  be  so  framed  as  to  protect  the  plaintiff  against  every  serious  and 
irreparable  injury  which  he  might  suffer  by  the  continuance  of  the  nuisance,  and 
its  terms  are  fullly  conformable  to  the  claims  stated  in  his  complaint. 

The  defendant  contends  that  the  decree  is  too  broad,  in  that  it  restrains  the  dis- 
charge into  the  river  of  any  sewage,  even  if  not  of  a  noxious  or  polluting  charac- 
ter, or  though  entirely  and  permanently  disinfected  and  purified. 

The  primary  meaning  of  ** sewage"  is  tha^  which  passes  through  a  sewer 
(Century  Dictionary;  Webster's  International  Dictionary).  A  secondary  mean- 
ing is  derived  from  the  usual  character  of  the  contents  of  a  sewer,  and  as  used  in 
that  sense  the  word  signifies  the  refuse  and  foul  matter,  solid  or  liquid,  which  it 
so  carries  off. 

In  the  plaintiff's  complaint  the  connection  in  which  the  term  is  employed  is 
such  as  to  indicate  that  it  was  intended  to  carry  the  secondary  meaning. 

And  further,  at  page  400 : 

The  defendant  urges  that  it  should  not  be  made  responsible  for  the  acts  of 
others,  and  that  if  its  sewage  is  thoroughly  disinfected,  sterilized,  and  purified 
before  its  discharge  into  the  river  nothing  further  should  be  required,  even 
though  as  it  flows  down  the  stream  it  may  be  brought  into  contact  with  other 
snbstances  in  such  a  way  as  to  work  a  nuisance.  But  the  right  to  deposit  a  thing 
in  any  place  must  always  be  dependent  not  only  on  its  own  nature  but  on  the 
nature  of  the  place  in  question  and  the  uses  to  which  that  has  already  b:»en  put. 
-A  lighted  match  may  be  safely  thrown  into  a  brook  under  ordinary  circumstances, 
l3ut  not  should  it  happen  to  be  covered  with  oil  from  a  leaky  tank. 

If  different  parties  by  several  acts  foul  the  same  stream,  each  may  be  enjoined 
^Lgainst  the  conmiission  of  the  wrong  with  which  he  is  individually  chargeable. 

And  see,  also,  Watson  r.  Town  of  New  Milford  (72  Conn.,  o61);  Piatt 
l3ro8.  &  Co.  V,  Waterbnry  (72  Conn.,  531);  and  note  on  *'Kights  of 
municipal  corporations  to  drain  sewajjje  into  waters,''  appended  to  a 
i^eportof  the  last-named  case  in  4S  Lawyers'  Kep.  Annotated,  page  flOl. 

In  Mayor,  etc,  of  liirniinghani,  r.  Land  (34  So.  Kep.,  013),  decided  by 
tihe  supreme  court  of  Alabaiiia  in  June,  11)03,  the  Connecticut  cases 
^bove  cited  were  followed.  Among  other  things  the  court,  per 
3leClellan,  C.  J.,  say: 

The  fact  that  the  city  of  Birmingham  had  statutory  authorization  to  construct 
a  sewer  emptying  into  Valley  Creek,  upon  the  condeuination  of  lands  taken  or 
injured  in  its  construction  and  use,  is  not  of  im\)OTUinee,  amvi^  \)aft  \w\\^^  X^atv^ 
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injaredbavenotbeein'ODtlemiied.    Th?nnisauceiHUOiietheleas&tiin«ancebecaine  I 
nf  the  atatntory  power  ivferreil  tu,  tbe  right  to  exercise  tile  ^Hiwi^r  in  renpert  of 
this  land  not  having  lioen  acquired.    C^ty  of  Mansfield  v.  Bailiett  id-'i  Oluu  Si., 
451;  58  L.  R,  A..  fl38.  and  notu.)  I 

See,  to  Ihi'  same  cffoet,  SammoQi)  v.  City  of  Glovereville  (67  N.  E. 
Rep.,  822),  di'cideti  by  the  court  of  appeals  of  New  York,  JuneO,  I9fi3, 
In  tliis  caMP  an  injunction  was  grnnfed,  its  utiurtition  being  Buspemletl 
to  enable  the  defendant  lo  obtain  legislative  relief,  or  to  abate  the 
DuiKanee. 

In  Middlesex  Company  r.  Lowell  {H'J  Mass.,  S09),  decider!  in  liiiSfl, 
it  was  held  that  an  injimotinn  shoulil  be  granted  to  restrain  defeiiil- 
ant  from  discharging  sewage  into  plaintiff's  mill  pond,  and  thatmi 
right  to  do  so  eonid  be  acquired  by  prescription. 

Tills  places  Massachusetts  in  line  with  the  other  States,  notwith- 
standing the  decision,  in  MerriDeld  i'.  Worcester,  that  a  city  is  Dot 
liable  for  damages  caused  by  lawfully  laying  out  and  construi^tiit;; 
and  r(>asonably  using  a  system  nf  sewers  in  acoordance  with  plans 
adopU^'d  bj'  the  proper  corporate  body,  upon  the  principle  ihat  scnh 
boily  acts  quasi  judicially  in  so  adopting  plans. 

In  Butler  v.  Village  of  White  Plains  (tJfl  X.  Y.  Supp.,  193;  N.  Y. 
Sup.  Court  App.  Div.,  2d  Dept.,  March,  1901),  an  injunction  wins 
granted  against  a  nuisance  caused  by  the  deixtsit  of  the  efflueni  of 
defendant's  sewage  in  the  Bronx  Rivef.  The  fact  that  others  wm- 
polluting  the  stream  wati  no  defense.  ■ 

Grey,  Attorney  General,  i\Paterson{13Dick,,  l;onapp6aI,15Dieii.,  j 
385),  was  an  action  brought  by  i-i^i-i^in  ownei-.;*  below  Palerson  for  an 
injunction  restraining  the  city  of  Paterson  from  depositing  or  dis- 
charging its  sewage  through  its  drains  or  sewers  into  the  Passaii' 
River,  and  from  constructing  new  sewers  to  discharge  into  said  river, 
and  from  enlarging  or  increasing  its  present  sewerage  system  wit^ 
outlets  into  said  river. 

By  an  act  passed  in  1867  (P.  L.  of  18(i7,  p.  (iSa,  sec.  17)  Paterso" 
had  been  authorized  tjy  the  legislature  as  follows: 

That  the  mayor  anil  aldermen  of  the  city  of  Paterson  are  hereby  authorized  * 
cause  each  surveys,  maps,  and  returns  t(i  be  made  as  may  be  necessary  to  enat^ 
them  to  prescribe  and  adopt,  either  for  the  wliolc  or  any  i)artof!aid  city,  the  loc'.^ 
tion  of  streets  and  sewers,  or  either,  and  the  width  ther  of,  hereaft«r  to  l--- 
opened  or  constrncted  therein,  and  when  such  location,  width,  and  grade  shall  1^ 
adopted,  the  surveys,  mapa.  and  returns  prescrihing  and  delining  the  same  ^baP 
be  recorded  in  tbe  clerk's  office  of  tlie  county  of  Passaic,  and  thereupon  no  stree 
or  aewer  shall  thereafter  within  the  district  comprised  in  any  such  flnrvey,  map 
or  return  be  opened  or  constrncted,  except  in  conformity  therewith  aa  to  location, 
width,  and  ^(rade,  and  fully  to  accomplish  the  puT|ioses  contemplated  by  this  sec- 
tion the  said  mayor  and  aldermen  may  employ  such  enf^ncers.  surveyors,  and 
other  persons,  and  provide  for  their  compeiisation  and  pass  Hucb  ordinances  as 
they  may  deem  to  be  proper,  and  may  enter  npon  any  land  for  making  surveys 
fnd  examinations. 

On  the  26th  of  February,  18(>a,  Pat*rsou  was  further  authorized  to 
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constract  sewers  and  drains  (P.  L.  1868,  p.  126).     The  second  section 
provides : 

That  all  such  sewers  and  drains  shall  be  constructed  in  conformity  with  the 
plans  thereof  adopted  or  which  shall  be  adopted  by  said  mayor  and  aldermen  pur- 
suant to  the  seventeenth  section  of  the  act  approved  April  4«  1867,  entitled  '*A 
further  supplement  to  the  act  entitled  'An  act  amending  and  revising  the  act  to 
incorporate  the  city  of  Paterson. '  * ' 

It  was  found  by  the  court  that,  so  far  as  the  authority  of  the  State 
can  avail  for  that  purpose,  the  legislative  consent,  in  this  case,  fur- 
nishes ample  protection  to  the  city  for  the  appropriate  exercise  of  the 
power  granted. 

It  was  further  said  that  riparian  owners  telow  the  point  where  the 
tide  ebbs  and  flows  were  not  entitled  to  aii  injunction,  because  the 
title  to  their  lands  did  not  extend  below  high-water  mark.  (See 
Sayre  v.  Newark,  above.) 

The  title  of  ownera  above  the  ebb  and  flow  of  the  tide  extends  to 
the  middle  of  the  stream,  subject  only  to  the  rights  of  the  public  for 
purposes  of  navigation;  and  it  is  held  that,  notwithstanding  the  leg- 
islative grant  of  authority,  such  owners  can  not  be  deprived  of  their 
right  of  property  in  the  river  without  just  compensation.     Following 
the  case  of  Beach  v.  Sterling  Iron  and  Zinc  Company  (9  Dick.,  65),  as 
affirmed  in  10  Dick.,  824,  it  was  decided  that  the  owners  above  tide 
water  were  entitled  to  compensation,  but  in  view  of  the  great  detri- 
ment to  the  city  if  an  injunction  should  be  granted  and  the  compara- 
tively small  injury  done  to  the  owners  the  injunction  was  refused, 
except  in  the  alternative  that  the  city  should  refuse  to  make  such 
compensation  for  the  diminished  value  of  their  lands  as  shall  be 
ascertained  to  be  just. 

In  this  case  there  is  no  recognition  of  the  damage  done  to  the  lands 
adjoining  or  near  the  stream.  The  complainant's  right  to  redress 
arises  wholly  from  the  injury  done  to  the  water,  in  which  they  have 
a  proprietary  right. 

STATUTORY  RESTRICTION  OF  WATKU  P0LIA:TI0X. 

CLASSIFICATION. 

Speaking  generally,  jurisdiction  over  the  pollution  of  watei*s  in  the 
Vnited  States  is  conflned  to  the  several  States.  There  is  no  provision 
in  the  Ck)nstitution  which  gives  to  C()nii:ress  authority  in  the  premises, 
partly,  no  doubt,  because  at  the  time  of  its  adoption  the  great  impor- 
tance of  the  subject  froiii  an  interstate  point  of  view  was  not  thought 
f)f.  Hence,  by  the  familiar  principle  that  the  several  States  retain 
full  sovereign  powers  except  so  far  as  such  powers  are  restricted  by 
the  National  Constitution  or  expressly  ch'legated  thereby  to  the 
National  Government,  the  States  have  full  ('ontrol  of  this  subject. 
In  reviewing  these  laws,  accordingly,  we  must  examine  the  sl^atut^^ 
of  all  the  States  nnd  Territovies. 
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t'nifoniiily  of  li'^iisbilinn  is  unt  to  lie  expecletl.     Tho  DHtural  tomti- 
tloiin  i-xiHtiMg  ill  (lilTerciit.  p<jrtioTisof  tlie  vast  territory  ftreHo  varloas, 
tliL*  (leuHity  of  populatimi  diSem  so  widely  in  the  difTerent  Mwtionti 
involvwl,  and  public  L-nligliteiiiueiit  as  to  tlie  dcleteriouH  ettwti*  of 
water  pollution  ami   the  necessity  to  restraio  it  is,  in  sporselj-  m~ 
tJfd  districts,  so  far  iDt'hiud  that  which  has  lieen  d(<veloped  in  congt«t«)l 
nroOB  by  the  terrible  eonseqiiences  that  statutory  regulations  must 
litfcessarily  differ.     In  Mume  Status  there  is  found  notbini;  more  than   j 
a  simple  pruvisiuii  making  it  n  criine  to  jmison  welie  and  springs,   | 
while  others  have  ma<le  elaborate  provisions  designed  to  check  ami,    ' 
so  far  as  possible,  absolutely  to  pn>vcnt  all  pollution  of  waters  hv 
mingling  with  them  the  refuse  products  of  animal  life  or  the  wasli?s 
of  hnman  industry.     If,  therefont,  wo  are  to  avoid  making  thisrevi^tr 
a  mere  catalogue  of  statutes,  it  will  be  necessary  to  adopt  snne  system 
of  classitiealion   and    grouping.     r>oul)11ess  a  mere  citistiun  of  the 
Htatutcs  of  all  the  Stjit*!S,  taken  in  their  alphabetical  orfler,  would 
serve  a  useful  purpose  in  enabling  the  reader  to  turn  to  the  particu- 
lar section  in  which  his  interest  lies  and  to  find  the  legislation  whieh    i 
affccta  this  section.     But  if,  by  a,  logical  grouping  of  States  according    ' 
to  their  progress  in  this  particular,  we  can  give  a  clearer  idea  of  the 
slAtus  of  such  legislation  as  a  whole,  without  seriously  interfering 
with  the  usefubiess  of  the  book  as  a  eomjiendiiiin  of  State  laws  n]>ou 
this  subject,  much  will  be  gained. 

Accordingly,  I  have  arranged  the  States  and  Territories  in  three 
gi-oups  or  classes,  placing  those  in  each  gi'oup  in  alphabetical  order 
for  convenience  of  reference. 

CLASS  I:  STATES  WITH  PARTIAL  RESTRICTIONS. 

This  group  conipriseH  tliose  States  and  Territories  in  which  the 
legislature  has  confined  itself  to  forbidding  the  poisoning  or  pollution 
of  drinking  water  in  certain  ways  or  in  certain   localities.     They 
belong  in  the  same  category  because  they  are  all  at  the  same  stage  o< 
growth  in  sanitary  education— i.  c,  there  is  manifest  in  their  legislft' 
tion  no  sense  of  the  general  desirability  of  pure  natural  waters,  hu' 
only  a  desire  to  prevent  certain  acts  i-ecogni/A'd  as  criminal  in  inten* 
ur  as  likely  to  injure  sjtecial  grouiw  of  persons  (public  or  private  cor' 
porations)  whom  the  legislature  desires  to  protect. 

An  alphabetical  list  of  Uie  States  and  Territoi'ies  in  Class  I,  wit]» 
the  statutes  in  force  in  each  at  the  close  of  liin;t,  either  given  in  fiTlI 
or  abstracted  so  as  to  show  their  nature  and  force,  is  hero  presente<I. 

ALABAMA. 

[AotH  of  Alabaroa.  l«*-97.  ii.  1281.] 

AN  ACT  to  ininiBh  atiy  person  who  pollutes  or  contaminateH  water  snpplied  to 
cities  and  towns  of  the  State. 
Section  1.  Be  it  enavtvd  by  the  general  asseiDbly  of  Alithama,  That 
it  sbaU  be  unlawful  f^-  rson  to  knowmgVy  A«v*>«»^ s*'"f^'S  4«*Aa.n.i- 
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mal  or  nauseous  substance  in  any  source,  standpipe,  or  reservoir  from 
which  water  is  supplied  to  any  city  or  town  of  said  State.  Any  per- 
son violating  the  provisions  of  this  act  shall  be  guilty  of  a  misde- 
meanor, and  upon  conviction  shall  be  punished  by  a  fine  not  exceeding 
$500  and  may  be  sentenced  to  hard  labor  for  the  county  not  exceeding 
one  year. 

Approved  February  17,  1897. 

ARKANSAS. 

[Sandel  and  Hiirs  Digest,  1804.] 

Sec.  1903.  The  throwing  or  dragging  of  dead  animals,  or  animals  in 
a  dying  condition,  into  any  running  stream  or  other  body  of  water  in 
this  State  in  a  misdemeanor. 

Anyone  violating  the  provisions  of  this  chapter,  on  conviction 
thereof,  shall  be  fined  in  any  sum  not  less  than  ten  nor  more  than 
fifty  dollars.     (Act  March  27,  1801). 

[Laws  <)f  18a5,  Act  CXXVI,  p.  IKi.] 

AN  ACT  authorizing  municipal  corporations  and  other  corporations  U)  exercise 

certain  privileges,  and  for  other  purposes. 

Sec.  7.  If  any  person  shall  *  *  *  commit  such  a  nuisance  in  or 
near  the  impounding  dams  or  reservoii's  of  any  water  plant,  or  shall 
pollute  the  water  or  effect  [affect]  its  wholesome  qualities,  he  shall  be 
deemed  guilty  of  a  misdemeanor  and  be  fined  for  each  and  every 
offense  in  any  sum  not  exceeding  $200. 

[Sandel  and  Hiirs  Digest,  sec.  5134.] 

They  [municipal  corporations]  shall  have  the  power  to  provide  a 
supply  of  water  by  the  construction  and  regulation  of  wells,  pumps, 
cisterns,  reservoirs,  or  waterworks;  to  prevent  the  unnecessary  waste 
of  water;  to  prevent  the  pollution  of  the  water  and  injury  to  the 
waterworks;  and  for  the  purpose  of  establishing  or  supplying  water- 
works, any  muuicipal  corporation  may  go  beyond  its  territorial  limits; 
and  its  jurisdiction  to  prevent  or  punish  any  pollution  or  injury  to  the 
stream  or  source  of  water,  or  to  the  waterworks,  shall  extend  five  miles 
beyond  its  corporate  limits. 

DELAWARE. 

[Laws  of  IM«,  p.  I(tt4.] 

AN  ACT  to  aiiiend  chapter  242,  volume  19,  of  the  Laws  of  Delaware,  entitled 
•*An  act  to  provide  for  the  lighting  of  Middletowu."' 

Sec.  10  (p.  1()L*I)).  That  if  any  i)erson  or  persons  shall  (lesi«xuedly  or 
maliciously  injure  the  said  li^ht  and  waterworks,  or  obstruct  the 
water  to  and  from  the  same,  or  in  any  nianuer  pollute  the  water  supply, 
*  *  *  they  shall  forfeit  and  pay  to  the  commissioner  of  the  town 
of  Middletown  a  tine  not  exceeding  oue  huudved  ^IW^  v\oVVv\.y^.»  \:Vi  \>^ 
recovered,  etc. 
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FLORIDA. 
( Bifvliwd  Btutn ten  or  FloriiiH,  approved  Jftamrr  S.  1881.] 

Sec.  3(j5H.  Foinonhuj  fiiod  or  water. — Wlioevei-  mingles  any  poison 
with  f(»(Hl,  iliiiik,  or  iiiedioinu,  with  intent  to  kill  or  injure  anitlher 
I)orsoii,  or  wiiriilly  [xiiniiiiH  any  spring,  well,  or  reservoir  of  WHltrwilli 
su('li  intoiit,  shall  l>o  iiiinished  by  imprisomnent  in  the  State  prisiiu 
for  life  or  any  term  of  yettra. 

Sec.  2005.  Oorrupiing  or  interfeHng  u'Uh  water  nupplij. — Whwvcr 
wilfully  or  nialieiously  defilcH,  t'orrnpts,  or  iiiakos  impure  any  spno;; 
or  other  source  of  water  or  resers'oir,  or  tleatroys  or  iujui-es  any  pip', 
(-onilncior  of  watiT,  or  other  projK'rty  [tei't.aiuiu^  to  an  a<|ueduo1,  or 
aids  or  ikl>ets  in  any  sneh  trespaas,  shall  be  punished  by  impristmnicnl 
uol  e.xcet'iliiig  one  year  or  by  fine  not  exceeding  one  thousand  dollars. 

QEOBOLA.. 

ILam  at  IHBB,  p.  M.] 

No.  5T.  AN  ACT  to  prohibit  the  poiBoning  of  any  spring,  well,  or  reserrorof 
water,  to  prorido  »  iieiutlty  for  th»  Tiolatiou  of  the  same.  s.ni  for  otber  piir- 
poaes. 

Section  l.  Be  it  enacted  by  the  general  assembly  of  the  Sttde  of 
Georgia,  and  if  i.s  hereby  enacted  by  miihority  of  the  sams.  That  from 
and  after  the  pas-sage  of  this  act  any  j>erBon  who  wilfully  and  waii- 
touly  poisons  or  procures  another  to  poison  any  spring,  fountain,  well, 
or  reservoir  of  water  shall  l>e  deemed  guilty  of  a  felony,  and  on  con- 
viction therefor  shall  l>e  imprisoned  in  the  penitentiary  for  a  term  ot 
not  less  than  two  nor  more  than  twenty  years. 

Sec.  2.  Repeals  inconsistent  laws. 

Approved  December  19,  180(3. 

IDAHO. 

[Penal  CVxii,,  [UMsed  19111.} 

Sec.  4916.  Everyperson  ♦  *  *  whowilfullypoisonsany  sprinii' 
well,  or  reservoir  of  water  is  punishable  by  imprisonment  in  theStat^ 
prison  for  a  term  not  less  than  one  nor  more  than  ten  years. 

IOWA. 
[Codo  ot  Iowa,  annotate,  IXHT.] 

Sec.  4970.  Throwing  ileail  animals  in  -stnam,  spring,  etc. — If  any 
person  throw,  or  cause  to  be  thrown,  any  dead  animal  into  any  river, 
well,  spring,  cistern,  reservoir,  stream,  or  pond,  he  shall  Imj  impris- 
oned in  the  county  .jail  not  less  than  U'u  nor  inoi-e  llian  thirty  days 
or  be  fined  not  less  than  five  nor  more  than  one  huiulivd  dollars. 

KEKTUCKY. 
[Compilation  by  John  D.  Carroll.  3d  wl.,  1899,] 
Sec.  1278.  If  any  person  sliall  cast  or  place  the  carcas-s  of  any  cat- 
tle or  that  of  ai'  beast  in  any  ■«a\«T  cowt^  qt  -wisSiAo. 
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t;wenty-five  yards  thereof,  or  shall  cast  the  same  into  any  spring,  or 
into  any  pond,  sach  person,  for  every  such  offence,  shall  be  fined  for 
tfhe  first  o£Pense  not  less  than  five  nor  more  than  twenty  dollars,  and 
every  subsequent  offense  not  less  than  twenty  nor  more  than  one 
liundred  dollars.     (Under  head  of  '*  Offences  against  public  health." ) 

LOXnSIANA. 
[BeTised  Laws  (Wolff.)] 

Sec.  924.  Amending  law  of  1882,  page  109. 

Makes  it  an  offense  to  ''  throw  or  cause  to  be  thrown  or  conveyed 
into  any  navigable  stream,  bay,  or  lake  within  this  State,  bagasse 
from  suRar  mills,  ballast  from  vessels,  sinking  timber  of  any  kind,  or 
any  other  matter  of  a  nature  to  form  an  obstruction  to  its  free  navi- 
f^tion." 

MICHIGAN. 
[Compiled  Laws  of  the  State  of  Michigan  (Lewis  M.  Miller).] 

Sec.  11496.  Willfully  poisoning  spring,  well,  or  reservoir  made  a 
crime. 

Sec.  2806.  The  council  (of  any  village  located  upon  or  adjacent  to 
any  of  the  navigable  waters  of  this  State)  shall  have  authority  to 
"  provide  by  ordinance  for  the  preservation  of  the  purity  of  the  waters 
of  any  harbor,  river,  or  other  waters  within  the  village,"  and  other 
powers. 

Sec.  3146.  The  council  (of  any  city  located  upon  or  adjacent  to  any 
of  the  navigable  waters  of  the  State)  *' shall  have  authority  to  provide 
I  by  ordinance  for  the  preservation  of  the  purity  of  the  waters  of  any 
harbor,  river,  or  other  waters  within  the  city,  and  within  one-half  of 
a  mile  from  the  c6ri)orate  boundaries  thereof;  to  prohibit  and  punish 
the  casting  or  depositing  therein  of  any  filth,  logs,  floating  matter,  or 
^ny  injurious  thing,"  and  other  powers. 

[Public  Act8,  1HS»,  No.  H(),  p.  115.] 

Ajj"  ACT  to  prevent  and  punish  the  pollution  and  contamination  of  the  waters 
of  the  stream  known  as. Wolf  Creek,  in  Lewanee  County,  Michigan,  and  the 
tributaries  thereof. 

y'he  people  of  the  State  of  Miclmjan  enact: 

Section  1.  It  shall  be  unlawful  for  any  person  or  persons  to  wil- 
t'ully  or  in  any  other  manner  knowingly  to  befoul,  pollute,  contami- 
nate in  any  manner,  so  as  to  render  said  water  offensive  for  drinking 
I^urposes,  the  waters  of  tliat  stream  situated  in  the  townships  of 
Adrian,  Rome,  and   Cambridge,   Lewanee   County,   Michigan,  and 

known  commonly  as  Wolf  Cre(»k,  or  any  tributary  thereof  situated 

in  said  county,  at  any  place  in  said  stream  above  the  dam  from  which 

the  water  supply  of  the  eit}'  of  Adrian  is  taken. 
Sec.  2.  Whoever  mischiovoiisly,  maliciously,  or  wilfully  puts  any 

dead  animal,  carcass  or  part  thereof,  or  any  other  p\x\»t\Ol,  \i«k>\'i^Qi>\^^ 
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Doisotiio,  or  offensive  substance  in  said  stream  or  its  tributaries,  or  in 
any  other  mftnnor  Ix-fouls  the  waters  of  said  .stream  or  its  tribatariee 
in  an  unwholesome  or  offeiiinivp  tnAniier,  or  shall  (ImiD  the  Goi)t«nt» 
of  any  barayurd,  waste  factory  producta.  or  otlior  iinwholtisomc  stilt- 
Htance,  Into  the  wat«r  of  said  fltream  or  it8  tributaries,  shall  bo 
dmmtHi  (jiiilty  of  a  violation  of  this  a«t, 

Skc.  ;i.  Any  person  eonvlctod  of  a  violation  of  this  act  shall  Iw 
punis)i»(l  by  a  fine  not  exceeding  one  hundred  dollars  and  not  les^ 
than  iive  dollai's  mid  t'<«ts  of  prosecution,  and  in  default  of  the  pay- 
ment of  said  line  and  costs  he  shall  be  imprisoned  in  the  jail  »t 
t*wauee  County  not  less  tlian  ten  nor  more  than  ninety  days,  or  both 
Bueh  fine  ami  imprisonment,  in  the  discretion  of  the  court. 

This  act  is  ordered  to  take  imuodiate  oftoot. 

Appi-oved  May  17,  18!W. 


{AuDutBlal  I'uilc.irilioIieiiL'rBlSUItltftlrfiW)'  rTbnmpHnn.  Ufllard  A  ramptelll.; 

Sec.  IU38.  (I'mler  "Crimes  and  miwh-ineaiiors,")  If  any  |KT«on 
shall  in  any  manner  permanently  obstruct  any  of  the  iiaviyuble  waHint. 
or  shall  pUweanyobslrnction  therein  and  not  remove  the  same  within 
a  reasonable  lime;  or  if  any  pemon  shall  iwllute  any  such  waters  lij 
putting  therein  the  t-arcjiss  of  any  dead  animal,  or  any  refuse  or  foul 
matter,  or  any  matter  or  thing  calculated  to  vender  the  water  thereof 
less  Ht  for  drink  or  the  sustenance  of  fish,  the  ]>erson  so  offending,  iii 
either  case,  shall  l>e  guilty  of  a  misdemeanor,  and,  on  eonvietion  mIibH 
1m.'  punished  by  a  fine  of  not  more  than  fifty  dollars,  or  by  iniprison- 
ment  in  the  county  jail  not  more  tiian  thirty  days,  or  both;  but  IhL'i 
shall  not  apply  to  the  Mississippi  or  Yazoo  rivers. 

I  Amended  L«wt.  or  irao.ctinii.  M),  |i.  101,] 

Kxception  of  MiHsissippi  and  Yazoo  rivers  droppe<I  out,  and  the  fol- 
lowing clause  added:  "Hut  this  act  shall  nut  be  so  construed  as  to 
prevent  any  city  or  town  in  this  State  fi-om  constructing  sewers  s" 
as  to  empty  inio  any  navigable  streams  of  water  in  this  Slate." 
(Approved  February  11),  18!I8.) 

NEBKASKA. 

[CninpilcdSimiiliwiit  Nc'liniskii,  jiiOT,] 

Sec.  0803  (Criminal  Code,  sec.  •2-2U).  Puiiiuij  ojfrnsirt'  matter  iV" 
iri'll  ttr  .•ijirhiij. ^11  any  ^X'rsou  or  jK-rsons  shall  put  any  deati  auimali 
carcass  or  part  thereof,  or  other  filthy  substance,  into  any  well,  or  in'" 
any  spring,  brook,  or  branch  of  running  water,  of  which  use  is  mB<i* 
for  domeslie  puriMisi-s,  every  [wi'Son  so  offending  sliall  be  fined  in  an)' 
sum  not  less  than  two  nor  uioiv  than  forty  dollars. 

Sec.  C8!);J  (2;(U).  If  any  person  or  iR-rsoiis  nhall  |)ut  the  carcass  "' 
any  dead  animal,  or  the  offals  from  any  slaughterhouse  or  butcher'* 
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establishment,  packing  house,  or  fish  house,  or  any  spoiled  meats  or 
spoiled  fish,  or  any  putrid  animal  substance,  or  the  contents  of  any 
pri\7  vault,  upon  or  into  any  river,  bay,  creek,  pond,  canal,  road, 
street,  alley,  lot,  field,  meadow,  public  ground,  market  space  or  com- 
mon ♦  ♦  *  he  shall  be  fined  in  any  sum  not  less  than  one  nor 
more  than  fiftv  dollars. 

NORTH  DAKOTA. 
[Beviaed  Codes  of  North  Dakota,  1899.] 

Sec.  7291  (Penal  Code,  sec.  435).  Fouling  water  with  gas  tar. — Every 
person  who  throws  or  deposits  any  gas  tar  or  refuse  of  any  gas  house 
or  factory  into  any  public  waters,  river,  or  stream,  or  into  any  sewer 
or  stream  emptying  into  any  such  public  waters,  river,  or  stream,  is 
guilty  of  a  misdemeanor. 

[Chap.  69.  Fonling  the  public  waters  of  this  State.] 

Sec.  7653.  Fouling  public  waters, — Every  person  who  deposits  or 
places  or  causes  to  be  deposited  or  placed  any  dead  animal,  offal,  or 
other  refuse  matter  offensive  to  the  sight  or  smell  or  deleterious  to 
health  upon  the  banks  or  in  the  waters  of  any  lake  or  stream,  so  far 
as  the  same  is  within  the  jurisdiction  of  the  State  is  guilty  of  a  mis- 
^lemeanor,  and  upon  conviction  thereof  is  punishable  by  a  fine  of  not 
less  than  twenty  and  not  exceeding  one  hundred  dollars. 

Sec.  7654.  Extent  of  last  section, — The  provisions  of  the  last  sec- 
tion shall  be  construed  to  include  privies  and  privy  vaults  and  any 
stable,  shed,  pen,  yard,  or  corral  wherein  is  kept  any  horse,  cattle, 
sheep,  or  swine  and  located  nearer  than  sixty  feet  from  the  top  of  the 
hank  of  such  lake  or  stream,  and  also  any  slaughterhouse,  grave, 
J(raveyard,  or  cemetery  located  nearer  than  eighty  feet  therefrom. 
But  the  provisions  of  said  section  shall  not  be  construed  to  prevent 
^ny  incorporated  city  within  this  State  from  running  its  sewers  into  any 
river:  Protnded,  That  where  there  is  a  dam  across  said  river  within 
^^»e  corporate  limits  of  any  such  city,  any  such  sewer  shall  connect 
^ith  such  river  below  such  dam. 

OKLAHOMA. 
[Wilson's  Revised  and  Annotated  Statutes  of  Oklahoma,  vol.  1,  p.  894.] 

Sec.  3732.  From  **An  act  to  prevent  public  nuisances  and  fixing 
^nalties  for  maintaining  the  same." 
Sec.  16.  It  shall  bo  unlawful  for  any  person  or  persons  or  corpora- 

ft 

^ons  to  put  any  dead  animal,  carcass,  or  part  thereof  into  any  well, 
PHng,  brook,  or  branch  of  running  water  of  which  use  is  made  for 
domestic  purposes.  Every  person  or  persons  so  offending  shall,  on 
^nviction  thereof,  be  fined  in  any  sum  not  less  than  five  nor  more 
^n  one  hundred  dollars. 

IRK  loa— 04 '^ 
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Sec.  3733.  Any  person  <»i-  persona  or  uorporations  who  shall  put  (tuj 
dend  antmat  or  any  part  of  the  earcass  of  a  dead  animal  iiiln  any  rivpr, 
oreek,  or  pond  shall,  npon  o«iivi«t.ion  thereof,  be  fined  in  any  snin  mil 
less  than  two  nor  moro  than  twenty-tiv«  dollars. 

Sbc,  2344,  Kvcry  person  who  throws  or  ilepositH  any  gas  tar.  nr 
'  refuse  of  any  gaw  house  or  faotoi-y  into  any  public  waters,  river,  m 
stream,  or  intji  any  sewer  or  stream  emptying  into  any  such  public 
watei-s,  river,  or  wtrearn,  in  guilty  of  a  misdemeanor. 

PENNSYLVANIA.  I 

[!>u(il>oriuu)  IawIh  DlKeet,  Sopplmnenl.  v.  BS.] 

Bdrial.  SKC".  7.~PoUiUion  of  water  by  wte  of  Itind  for  ftuWo/pur- ] 
poHfs prohibUfd.—Thul  it  shall  bo  unlawful  to  use  for  the  burisl  of 
the  drt»d  any  land  the  drainage  from  which  passes  intu  any  »lrem 
furnishing  the  whole  or  any  portion  of  the  wat*i-  supply  of  any  cily, 
except  beyond  thedistan<-eof  one  mile  from  such  city:  Provi(kd,h 
evr,  That  the  prohibitions  of  this  act  shall  not  be  enforceable  af.'iiiu.'d 
any  land  now  devoted  to  burial  purposes  in  which  there  shall  hnve 
heretofore  l>een  burialu  and  sales  of  burial  lots. 

Nuisances.     Same,  epl.  253. 

Sec.  37. — Pennlty  for  jMiUufion  of  water  used  for  drinhiny  pur- 
pOHe.1, — Any  person  who  shull  wilfnlly  enter  upon  the  oneloseU  kml 
.  of  any  company  incorpoi-ated  under  tlio  laws  of  this  Commonweallti 
for  the  purpose  of  supplying  water  to  the  public  for  drinking  put- 
poses,  on  which  land  is  erected  any  dam,  reservoir,  pond,  or  othrr 
artificial  means  for  st4)ring  water,  and  pollute  or  attempt  to  polluW 
the  water  on  such  laud,  shall  be  deemed,  and  the  same  is  hereby 
declared  to  be,  a  misdemeanor,  and  maybe  prosecuted  and  convioWl 
as  snch  under  the  laws  of  this  Commonwealth,  and  nn  conviction 
thereof  in  the  court  of  quarter  sessions  of  the  proiwr  c«nnty  shall  be 
fined  not  exceeding  fifty  dollars,  and  imprisoned  not  exceeding  sixlj 
days. 

Skc.  28, — Off'^uler  In  ba  arrested  on  view. — That  any  duly  consti- 
tuted watchman  of  any  such  water  company,  or  any  constable  or 
policeman,  is  hereby  authorized  and  empowere<l,  upon  his  own  vie* 
of  any  such  trespass,  to  make  arrests  and  bring  Ijefore  any  alderninn 
or  magistrate  of  the  proper  county  offenders  found  violating  tht^  pro- 
visions  of  this  act, 

RHODE  ISLAND. 

[ReTiBion  <il  18M,  mv.  IS,  p.  BTT.] 

OFFENCES  AOAINST  THE  PERSON. 

Sec,  16.  Every  person  who  shall  mingle  any  poison  with  any  foo<li 
drink,  or  medicine,  with  intent  to  kill  or  injure  any  person,  and  evei7 
person  who  shall  wilfully  poison  any  spring,  well,  or  reservoir  "t 
water  with  such  intent,  shall  be  imprisoned  for  life  or  for  any  term  "' 
jeara. 


J 
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WISCONSIN. 

[Wiflconsin  Statates,  I8fl8,  p.  651.] 
POWKBS  OF  COUNCIL  IN  CITIES  UNDRR  GENERAL  LAW. 

To  provide  for  the  preservation  Of  any  harbor  within  or  of 
y;  prevent  any  use  of  the  same  or  of  such  part  of  any  lake, 
stream,  spring,  or  pond  as  is  within  the  city,  or  Any  action  in 
n  thereto  inconsistent  with  or  detrimental  to  the  public  health 
julated  to  render  the  water  of  the  same  or  any  part  thereof 
)  or  offensive ;  or  tending  in  any  degree  to  fill  up  and  obstruct 
ne;  prohibit  and  punish  the  casting  or  depositing  therein  of 
,rth,  dead  animals,  ashes,  or  other  substance,  or  filth,  logs,  or 
^matter.     *     *     * 

PRESERVATION  OF  PUBLIC  HEALTH. 
[Idem,  p.  10A5.] 

JGHTBRHOUSES.  Sec.  1418.  No  person  shall  erect,  maintain,  or 
iiy  slaughterhouse  upon  the  bank  of  any  river,  running  stream, 
5k,  or  throw  or  deposit  therein  any  dead  animal  or  any  part 
f  or  any  of  the  carcass  or  offal  therefrom,  nor  throw  or  deposit 
ne  into  or  upon  the  banks  of  any  river,  stream,  or  creek  which 
ow  through  any  city,  village,  or  organized  town  containing  two 
>d  or  more  inhabitants,  or  erect,  maintain,  or  use  any  building 
laughterhouse  within  the  limits  of  any  village,  incorporated  or 
•rporated,  or  at  any  place  within  one-eighth  of  a  mile  of  any 
ig  house  or  a  building  occupied  as  a  place  of  business;  and 
[)erson  who  shall  violate  any  of  the  provisions  of  this  section 
arfeit  for  each  such  violation  not  less  than  ten  dollars  nor  more 
ne  hundred  dollars;  and  the  mayor  of  the  city,  president  of  the 
,  and  the  chairman  of  the  town  in  which  any  such  slaughterhouse 
ited  shall  have  the  i)ower  tp  and  shall  cause  the  same  to  be 
iately  removed;  and  every  such  officer  who  shall    knowingly 

any  such  slaughterhouse  to  bo  used  or  maintained  contrary  to 
)visions  of  this  section  shall  forfeit  not  less  than  fifteen  dollars 
)re  than  fifty  dollai's.     In  any  county  containing  a  population 

hundred  thousand  or  over  all  the  provisions  of  this  section 
g  to  slaughterhouses  shall  apply  to  all  establishments  and  manu- 
es  in  which  dead  animals  or  any  part  thereof  or  any  of  the 
ses  or  offal  therefrom  are  collected  and  converted  into  market- 
rod  nets. 

OFFENSES   ACtAlNST   LIVES   AND  PERSONS. 
[Idem,  p.  2«a9.] 

4384.  Poisoning  food,  drink,  etc. — Any  person  who  shall  mingle 
dson  with  any  food,  drink,  or  medicine,  with  intent  to  kill  or 
any  other  person,  or  who  shall  wilfully  poison  any  s^yvvl^^^^V^^ 
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or  ifsei-voir  of  watei-  with  suoh  iiii.ent,  shall  Ix-  puuished  by  imprian 
niuDt  in  th<*  Stjite  prison  nul<  more  thnu  ten  yetirs  nur  lesa  tliBn  01 
year. 

CLASS  tl:   STATES  WITH  GENERAL  RESTRICTIONS. 

This  group  i-onsists  of  those  States  and  Territories  in  which  til 
importance  of  pun?  water  for  i-very  inbabilHnt  of  tlie  State  orTnrf 
torj'  for  drinking  and  domestic  purposes  has  received  legislative  ntH 
nitiou.  It  vrtll  be  noted  that  the  laws  are  general  in  th»ir  applicatiM 
varyiug  much  in  the  elatwrat^uess  of  the  wording  and  in  the  emptuiij 
laid  upon  the  remedifs  and  penalties  provided  for  infractions  of  fl 
law. 

lliis  class  logically  ini-ludes  all  States  not  includcMl  in  Claisi^  1,  bi 
inasmucli  as  certain  States  have  it-cently  adopted  stringent  an 
elaborate  methods,  novel  and  extraordinary  in  their  character,  I 
restore  and  protect  the  purity  of  their  navigable  aii<l  potable  water 
these  Sljites  have  Iweu  omittt'd  from  <.'la.ss  II  and  are  treated  in 
clfiss  by  thcniaelve.s,  furiniug  Class  III  (see  p.  57). 

CALIFORNIA. 

[PenalL-oileutiirurceKtUiudaeBuf  the  AtHSJon  tif  inui.] 

Sec.  .'J74,  PiiHlng  (leiul  animals  in  streets,  rivi^rs,  cfo-.^Every  pi 
SON  who  [lilts  Ihe  t-areass  of  any  ih-ad  animal,  or  the  tiffal  fnnii  a 
slaughter  pen,  corral,  or  butcher  shop  into  any  river,  creek,  pot 
reservoir,  stream,  street,  alley,  public  highway,  or  road  in  comm 
use,  or  who  attempts  to  destroy  the  same  by  fire  within  one-fourth 
a  mile  of  any  city,  town,  or  village,  except  it  be  in  a  crematory,  t 
construction  and  operation  of  which  \h  satisfactory  to  the  boanl 
health  of  such  city,  town,  or  village;  aud  every  person  who  puts  a 
water-closet  or  privy,  or  the  carcass  of  any  dead  animal,  or  any  of 
of  any  kind  in  or  upon  the  borders  of  any  stream,  pond,  lake,  or  rew 
voir  from  which  water  is  drawn  for  the  supply  of  the  inhabitant)^ 
any  city,  city  and  county,  or  any  town  in  this  State,  so  that  the  drai 
age  from  such  water-closet,  privy,  or  carcass,  or  offal  may  be  till: 
up  by  or  in  such  stream,  pond,  lake,  or  reservoir;  or  who  allows  a: 
water-closet  or  privy,  or  carca.fs  of  any  dead  animal,  or  any  offal 
any  kind  to  remain  in  or  upon  the  borders  jif  any  such  stream,  poi 
lake,  or  reservoir  within  the  boundaries  <if  any  land  owned  or  oct 
pied  by  him,  so  that  the  drainage  from  such  water-closet,  privy,  c 
cass,  or  offal  may  be  taken  np  by  or  in  such  stream,  pond,  lake, 
reservoir,  or  who  keeps  any  horses,  mules,  cattle,  swine,  sheep, 
live  stock  of  any  kind  penned^  coralled,  or  hou.sed  on,  over,  or  on  1 
borders  of  any  such  stream,  pond,  lake,  or  reservoir,  so  that  the  wat 
thereof  become  iiolluted  by  reason  thereof,  or  who  bathe.n  in  any  su 
stream,  pond,  lake,  or  reservoir,  or  who  by  any  other  means  fouls 
pollutes  the  waters  of  any  such  stream,  ]>ond,  lake,  or  reservoir 
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j^ty  of  a  misdemeanor,  and  npon  conviction  thereof  shall  be  pnn- 
Lsbed  as  prescribed  in  section  877.  (Commissioners'  amendments. 
Approved  March  16, 1901;  took  effect  July  1,  1901.) 

Sec.  374^.  Discharging  coal  tar^  etc.y  into  waters. — Every  person, 
Una,  as80ciation,  or  corporation  which  shall  discharge  or  deposit,  or 
shall  cause  or  suffer  to  be  discharged  or  deposited,  or  to  pass  In  or 
into  the  waters  of  any  navigable  bay  or  river  in  this  State  any  coal 
t«r  or  refuse  or  residuary  product  of  coal,  petroleum,  asphalt,  bitu- 
men, or  other  carbonaceous  material  or  substance  is  guilty  of  a  mis- 
demeanor, and  for  each  offense  is  punishable  by  imprisonment  in  the 
oonnty  jail  for  not  exceeding  one  year  or  by  fine  not  exceeding  $1,000 
or  by  both  such  fine  and  imprisonment.  (New  section,  approved 
March  25,  1901;  took  effect  immediately.     Statutes,  1901,  p.  813.) 

COLORADO. 
[Mffls*  AxmoUted  Statutes,  1891,  p.  949.] 

Sec.  1376.  Polluting  streams— penalty, — If  any  person  or  persons 
shall  hereafter  throw  or  discharge  into  any  stream  of  running  water 
or  into  any  ditch  or  fiume  in  this  State  any  obnoxious  substance,  such 
as  refuse  matter  from  slaughterhouse  or  privy,  or  slops  from  eating 
honses  or  saloons,  or  any  other  fieshy  or  vegetable  matter  which  is 
subject  to  decay  in  the  water,  such  person  or  persons  shall,  upon  con- 
viction thereof,  be  punished  by  a  fine  not  less  than  one  hundred  dol- 
lars nor  more  than  five  hundred  dollars  for  each  and  every  offense  so 
committed. 

Sec.  1357  provides  a  penalty  not  exceeding  five  hundred  dollars 
for  anyone  "who  shall  in  anywise  pollute  or  obstruct  any  water 
course,  lake,  pond,  marsh,  or  common  sewer,  or  continue  such  obstruc- 
tion or  pollution  so  as  to  render  the  same  offensive  or  unwholesome," 

Sec.  3330  (p.  1861).  Emptying  oil  into  ilie  waters  of  the  Stolen  mis- 
demeanor—penalty, 

AN  ACT  to  prohibit  the  emptying  or  mnning  of  oil  or  petroleum,  or  other  ole- 
aginous substance  into  any  waters  of  this  State,  and  to  impose  a  penalty  for  the 
violation  of  this  act. 

[Laws,  1889,  p.  287,  approved  March  7,  188B,  in  fori»  June  7,  188».] 

If  any  person  or  persons,  corporation  or  corporations  shall  hereafter 
empty  or  cause  to  be  emptied,  or  allow  the  emptying  or  flowing  of 
oil,  petroleum,  or  other  oleaginous  substance  into  any  of  the  waters 
of  this  State,  or  deposit  or  cause  the  same  to  bo  deposited  at  such 
distance  that  the  same  i\iay  bo  carried  into  such  waters  by  natural 
causes,  such  person  or  i>ersons,  corporation  or  corporations  so  offend- 
ing shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction 
thereof  shall  be  punished  by  a  line  not  exceeding  one  thousand  dol- 
lars, or  imprisonment  in  the  county  jail  not  (exceeding  six  months^  or 
both  tmch  £ne  and  imprisonment,  for  each  such  otteiv^^. 
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Whoever  willfully  and  maUmously  deflles,  eomq^la,  or  makes  impnn 
any  spring  or  other  sonroe  of  water  or  reservoir  *  ^  *  shall  be 
fined  not  exceeding  one  thousand  dollars  or  confined  in  a  oountf 
jail  not  exceeding  one  year. 

Page  631,  section  221,  makes  it  a  pnUic  nniaance— 

1.  To  cause  or  suffer  the  carcass  of  any  animal  or  any  offal,  filth, 
or  noisome  substance  to  be  collected  or  deposited  or  to  remain  in  any 
place  to  the  prejudice  of  others. 

2.  To  throw  or  deposit  any  offal  or  other  offensive  matter,  or  any 
carcass  of  any  dead  animal,  in  any  water  course,  lake,  pond,  i^ring, 
well,  or  common  sewer,  street  or  public  highway. 

3.  To  corrupt  or  render  unwholesome  or  impure  the  water  of  any 
spring,  river,  stream,  pond,  or  lake  to  the  injury  or  prejudice  oi 
others. 

INDIANA. 

[Biini8*B  Ansoteted  Stfttoles,  18M.i 

Sbc.  2156.  Nuisance  by  dead  animals. — Whoever  puts  the  carcafi 
of  any  dead  animal  or  the  offal  from  any  slaughterhouse  or  batcher^ 
establishment,  packing  house,  or  fish  house,  or  any  spoiled  meats  o 
spoiled  fish,  or  any  putrid  animal  substance,  or  the  contents  of  an 
privy  vault  upon  or  into  any  river,  pond,  canal,  lake,  public  ground 
market  place,  common,  field,  meadow,  lot,  road,  street,  or  alley,  an- 
whoever,  being  the  owner  or  occupant  of  any  such  place,  knowingl 
permits  any  such  thing  to  remain  therein  to  the  annoyance  and  injur 
of  any  of  the  citizens  of  the  State,  or  neglects  or  refuses  to  remove  o 
abate  the  nuisance  occasioned  thereby  within  twenty-four  hours  afte 
knowledge  of  the  existence  of  such  nuisance  upon  any  of  the  abov 
described  premises  owned  or  occupied  by  him,  or  after  notice  thereof 
in  writing,  irom  any  health  oflicer  of  the  city  or  the  trustee  of  th 
township  in  which  such  nuisance  exists  shall  be  fined  not  more  thai 
one  hundred  dollars  nor  less  than  one  dollar. 

Sec.  2169.  Whoever  maliciously  or  mischievously  puts  any  dea< 
animal  carcass  or  part  thereof  on,  or  any  other  putrid,  nauseou?^ 
noisome,  or  offensive  substance  into,  *  *  *  q^.  i^  ^Qy  manm' 
befouls  any  well,  cistern,  spring,  brook,  canal,  or  stream  of  runnin 
water,  or  any  reservoir  of  waterworks  of  which  any  use  is  made  < 
may  be  made  for  domestic  purposes  shall  be  fined  not  more  than  oi 
hundred  dollars  nor  less  than  five  dollars,  to  which  may  be  add< 
imprisonment  in  the  county  jail  not  more  than  sixty  days  nor  \e 
than  ten  da3's. 

Sec.  3538.  Streams  and  ferries, — The  common  ('oiincil  shall  ha'' 
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ezdusiYe  power  to  keep  open  streams,  and  preserve,  and,  if  neces- 
sary and  expedient,  change  the  course  of  rivers  passing  through  or 
bordering  upon  the  corporate  limits  of  such  city ;  to  prevent  encroach- 
mefnt  or  injury  to  the  banks  thereof,  or  the  casting  into  the  same  of 
ottal,  dead  animals,  logs,  or  rubbish.     *    *    * 

[Aote  of  1901,  Cbap.  LZI,  p.  86.] 

AN  ACT  prohibiting  the  discharge  of  waste  water  and  r.  fuse  of  manuf actnring 
eBtaUiflihments  into  streaxnB  of  water,  conferring  certain  powers  upon  the  State 
boizd  of  health  in  such  caaee,  providing  iwnalties  for  the  violation  thereof,  and 
declaring  an  emeigency. 

Section  1.  Be  it  enacted  by  the  general  assembly  of  the  State  of 
Indtdna,  That  it  shall  be  unlawful  for  any  person,  firm,  or  corpora- 
tion owning  or  operating  any  manufacturing  establishment  to  dis- 
eharge  or  permit  to  be  discharged  into  any  stream  of  water  any  waste 
water  or  refuse  from  said  factory  of  such  character  as  to  pollute  said 
stream,  except  by  and  in  pursuance  to  a  written  permission  so  to  do, 
first  obtainM  from  the  State  board  of  health  as  hereinafter  provided. 

Skc.  2.  Whenever  any  person,  firm,  or  corporation,  owning  or 
operating  a  manufacturing  establishment  shall  file  with  the  secre- 
tary of  the  State  board  of  health  a  verified  application  in  writing, 
asking  permission  to  be  allowed  to  discharge  into  any  stream  any 
waste  water  or  refuse  from  such  establishment,  and  showing  therein 
ihat  the  water  of  said  stream  is  at  such  stage  as  that  such  refuse  or 
waste  water  may  be  safely  discharged  into  such  stream  without 
injury  to  the  public,  it  shall  be  the  duty  of  such  board  to  inspect  the 
nid  stream  at  and  below  the  point  of  such  proposed  discharge,  and 
if  it  is  found  that  such  refuse  and  waste  water  may  be  safely  dis- 
charged therein  without  injury  as  aforesaid,  the  said  board  may,  in 
itB  discretion,  grant  and  issue  a  written  permit  allowing  such  dis- 
chi^rge  into  said  stream  for  a  time  trO  be  limited  therein,  which  per- 
mit shall  l>e  void  and  of  no  effect  after  the  time  so  fixed,  and  may  be 
revoked  by  said  board  at  any  time.  The  holder  of  any  such  permit 
regularly  issued  by  such  board  shall  be  authorized  to  discharge  any 
sach  refuse  or  waste  water  into  such  stream  during  the  time  fixed 
and  limited  in  such  permit,  and  shall  not  be  liable  therefor  in  any 
suit  at  law  or  in  equity:  Provided^  That  nothing  herein  contained 
shall  prevent  any  person  specially  damaged  by  any  such  discharge 
from  recovering  the  amount  of  such  special  damages  so  sustained  in 
an  action  at  law  brought  for  such  purj>ose. 

8bc.  3.  Any  person,  firm,  or  corporation  violating  any  of  the  pro- 
visions of  this  act  shall  be  fined  in  any  sum  not  less  than  twenty-five 
dollars  nor  more  than  five  hundred  dollars. 

Sec.  4.  Whereas  an  eniergeney  exists  for  the  immediate  taking 
etbct  of  this  act,  the  same  shall  l)e  in  force  on  and  after  its  passage. 
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MAINB. 

[Laws  of  IfiOl,  chap.  8iS,  p.  67.] 
AN  ACT  to  protect  waters  nsed  for  domestic  pnrpoees. 

Be  it  enacted  by  the  senate  and  house  of  representatives  in  legisMur 
assembled,  asfoUoibs: 

Section  1.  Whoever  knowingly  and  wilfully  i)oisons,  defiles,  or  i 
any  way  corrupts  the  waters  of  any  well,  spring,  brook,  lake,  poiu 
river,  or  reservoir  used  for  domestic  purposes  for  man  or  beast,  t 
knowingly  corrupts  the  sources  of  the  water  supply  of  any  water  con 
pany  or  of  any  city  or  town  supplying  its  inhabitants  with  water,  ( 
the  tributaries  of  said  sources  of  supply,  in  such  manner  as  to  aflfe( 
the  purity  of  the  water  so  supplied,  or  knowingly  defiles  such  wat< 
in  any  manner,  whether  the  same  be  frozen  or  not,  or  puts  the  cami! 
of  any  dead  animal  or  other  offensive  material  into  said  waters  or  upc 
the  ice  thereof,  shall  be  punished  by  a  fine  not  exceeding  one  thoi 
sand  dollars  or  by  imprisonment  not  exceeding  one  year. 

Sec.  2.  Whoever  shall  wilfully  injure  any  of  the  property  of  ar 
water  company  or  of  any  city  or  town  used  by  it  in  supplying  wat^ 
to  its  inhabitants  shall  be  punished  by  a  fine  not  exceeding  one  thoi 
sand  dollars  or  by  imprisonment  not  exceeding  one  year,  and  sue 
person  shall  also  forfeit  and  pay  to  such  water  company,  city,  or  to\* 
three  times  the  amount  of  actual  damages  sustained,  to  be  recoven 
in  an  action  of  the  case. 

Sec.  3.  Inconsistent  acts  repealed. 

[Law8  of  19(W,  Special  Laws,  chap.  94,  7».  15<».] 
AN  ACT  to  prevent  the  pollution  of  t}i«»  waters  of  Seba.y:o  Lake. 

Be  it  enacted  by  the  senate  and  house  of  represeuiutives  in  leyishiffi' 
assembled,  as  follows: 

Section  1.  No  person  or  corporation  shall  use  or  occupy  anystru 
ture  hereafter  built  upon  or  near  the  shores  of  Sebago  Lake,  in  tl 
county  of  Cumberland,  or  upon  any  of  the  islands  of  said  lake  f< 
such  purposes  or  in  such  manner  that  the  sewage  or  drainage  tlier 
from  shall  enter  the  wat<}rs  of  said  lake  or  pollute  the  same. 

Sec.  2.  No  sewage,  drainage,  refuse,  or  polluting  matter  of  siu 
kind  and  amount  as  either  by  itself  or  in  connection  with  other  nia 
ter  will  corrupt  or  impair  the  ({uality  of  the  water  of  said  Selw^ 
Lake  or  render  it  injurious  to  health  shall  be  discharged  into  sai 
lake,  but  nothing  herein  shall  i>rohil)it  the  cultivation  and  use  of  tl 
soil  in  the  ordinary  methods  of  agriculture  if  no  human  excrement 
us(m1  thereon  within  three  hundred  feet  of  the  shores  of  said  lako. 

Sec.  .'L  The  supreme  judicial  court  shall  have  jurisdiction  in  eqiii' 
to  (»njoin,  j)revent ,  or  restrain  any  violation  of  the  provisions  of  tbisa^' 
Sec\  4.    Thin  act  shall  take  efTeet  vf\\eT\  v\vvy^^'v^<\.. 
Approved  February  20,  lOO:^. 
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MABYI4AND. 

[Foe's  MarylUid  Code,  adopted  ICazvh  14,  U8K.] 

RIVEBS. 

Sec.  240.  If  any  ballast,  ashes,  filth,  earth,  soil,  oysters,  or  oyster 
shells  be  taken,  unladen,  or  cast  out  of  any  ship,  steamboat,  scow, 
pangy,  or  other  vessel,  on  any  pretense  whatever,  in  the  Chesapeake 
Bay  above  "Sandy  Point,"  or  in  the  waters  of  Herring  Bay,  or  in  any 
liver,  creek,  or  harbor  within  this  State,  below  high-water  mark,  the 
master  or  other  person  having  charge  of  such  vessel  shall,  upon  con- 
viction thereof,  be  fined. 

Waters  of  Potomac  River  above  the  canal  dam  near  the  mouth 
of  Wills  Creek  are  protected  by  section  242  against  pollution  calcu- 
lated to  render  the  waters  of  said  river  "impure  or  unfit  for  use." 

WATEB  SUPPLY — POLLUTION  OP  SOURCES  OP. 
[PMaed  in  18K6,  chap.  6.] 

Sec.  277.  If  any  person  shall  put,  or  cause  to  be  placed,  any  dead 
animal  or  {)art  of  the  carcass  of  any  dead  animal,  or  any  decayed  or 
filthy  animal  or  vegetable  matter,  into  any  stream,  or  the  tributary 
I  of  any  stream,  well,  spring,  reservoir,  pond,  or  other  source  fi-om 
which  water  or  ice  is  drawn,  taken,  or  used  for  drinking  or  domestic 
pnposes,  or  shall  knowingly  suffer  any  sewage,  washings,  or  other 
offensive  matters  from  any  privy,  cesspool,  factory,  trades  establish- 
ment, slaughterhouse,  tannery,  or  other  place  over  which  he  shall 
have  control,  to  flow  therein,  or  into  any  drain  or  pipe  communicating 
therewith,  whereby  the  water  supply  of  any  city,  town,  village,  cx)m- 
mnnity,  or  household  is  fouled  or  rendered  unfit  for  drinking  and 
domestic  purposes,  he  shall  be  guilty  of  a  misdemeanor  and  shall,  upon 
conviction  thereof  in  a  court  of  competent  jurisdiction,  be  fineil  not 
more  than  two  hundred  dollars  for  every  such  offence;  and  after  rea- 
sonable notice,  not  exceeding  fifteen  days,  from  the  State  l>oard  of 
health,  or  any  local  sanitary  authority,  to  discontinue  the  act  whereby 
sneh  water  supply  is  fouled,  a  further  sum  of  not  more  .than  fifty 
dollars  for  every  day  during  which  the  offence  is  continued. 

MISSOURI. 

[ReviHed  Statutes,  IWW.] 
CRIMKS  AND  PUNISHMENTS. 

Sbc.  2234.  Putting  dead  animah  in  well,  (tc, — If  any  person  or  per- 
sons shall  put  any  dead  animal,  carcass,  or  part  thereof,  the  offal,  or 
&ny  other  filth  into  any  well,  spring,  brook,  branch,  creek,  pond,  or 
Uke,  every  person  so  offending  shall,  on  conviction  thei'eof,  he  fined 
iuany  sum  not  less  than  ten  nor  more  than  one  hundred  dollars.  If 
wiy  person  shall  remove,  or  cause  to  be  removed  and  placed  ♦  ♦  ♦ 
in  any  of  the  streams  and  wator  courses  other  than  the  Missouri  or 
Mississippi  Biver,  any  dend  animal,  carcass,  or  paT\.\WY^ol^  ^t  Q?Ocvftrt 
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QuisuiK-e,  to  ttiL<  iiuiioyHueu  o(  the  cilieQiut  of  tiliin  Slate,  or  anj'ti 
thyin,  every  pci-sou  «o  ofr<!iidiiiK  shall,  upon  conviction  thereof,  Ik 
fined  for  every  supIi  offeiKw  any  sum  not  less  than  teu  dolbire  nui 
more  than  fifty  dullara,  and  if  such  nuinanee  be  not  removed  wiiliii 
three  days  thereafter,  it  shall  be  deemed  a  second  ofFenre  agtiiun^t  Ih 
provinionK  of  this  seolion. 

Sec.  aSilS.  Cormplmg  or  tllvertuig  water  supply.' — Whoever  wil 
fully  or  malioioiisly  poisons,  dtifiles,  or  in  any  vr&y  corrupts  the  wat 
of  a  well,  spring,  brook,  or  reBGr%'oir  nsed  for  domestic  or  mnoicip 
purposes,  or  whoever  willfully  or  maliciously  diverts,  dams  up,  ai 
holds  biu;k  from  its  natural  course  and  flow  any  spring,  brook, 
other  water  supply  for  domestic  or  municipal  purposes,  after  u 
water  supply  shall  have  onee  been  taken  for  use  by  any  person  ■ 
peraons,  corporations,  town,  or  city  for  their  use,  shall  be  adjudgl 
guilty  of  a  misdemeanor  and  punished  by  a  fine  not  less  tlian  flf 
nor  more  than  five  hundred  dollars,  or  by  imprisonment  in  the  i-oun 
jail  not  exceeding  one  year,  or  by  both  such  fine  and  impriNCJiimen 
and  shall  be  liable  to  the  paily  injured  for  three  times  the  aclii 
damage  sustained,  to  be  recovered  by  suit  at  law. 

Skc  IKTi.  Injury  to  nchoolhouaes  aiui  chuTch  huihlings, — Every  pc 
son  *  •  •  lyii,,  shall  in  any  manner  pollute  the  water  coutaini 
in  any  well,  cistern,  or  reservoir  {in  which  water  is  gathereil  or  kc| 
for  tho  supply  of  n  sciiool house  or  those  attending  the  same)  shall  I 
guilty  of  a  misdemeanor. 

NEVADA. 
[Oeneikl  SUtataa  of  Nendk.] 

Sec.  4617.  {Crimes  and  punishments,  sec.  54.)  •  *  *  Evei 
person  who  shall  willfully  poison  any  spring,  well,  or  reservoir  i 
water  shall,  upon  conviction  thereof,  be  punished  by  imprisoamei 
in  the  State  prison  for  a  term  not  less  than  one  nor  more  than  W 
years. 

Sawdust  in'rivern. — It  is  made  a  misdemeanor  to  deposit  sawdu: 
in  or  on  the  waters  of  any  lake,  river,  or  running  stream  by  laws* 
1889,  page  24,  Chapter  XV. 

[LawB  ot  Nevada,  leOB,  Chap.  OXXD,  p.  SI*.} 

AS  ACT  to  prevent  the  pollution  or  contamination  of  the  waters  of  the  lakf 
riverti,  streams,  and  ditcbea  in  tbe  State  of  Nevada,  preacribing  penalties,  a' 
making  an  appropriation  to  carry  out  the  provisiona  of  this  act.  (Appro^ 
March  20,  1903.) 

Tlie  people  of  the  State,  of  Nevada,  represented  in  senate  aiid  asse-' 
bly,  do  enact  as  follows: 

Section].  Unlawftd  to  poUule  any  body  of  wai^r.— Any  person 
persons,  firm,  company,  corporation,  or  association  in  this  State, 
the  managing  agent  of  any  person  or  irersons,  firm,  company,  eorp 
ration,  or  association  in  this  State,  or  any  duly  elected,  appointed, 
lawfully  ere-  officer  of  thiH  State,  or  any  duly  electa 
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i^pointed,  or  lawfully  created  officer  of  any  county,  city,  town,  munici- 
priity,  or  municipal  government  in  this  State,  who  shall  deposit,  or 
who  shall  permit  or  allow  any  person  or  persons  in  their  employ  or 
under  their  gontrol,  management,  or  direction  to  deposit  in  any  of 
the  waters  of  the  lakes,  rivers,  streams,  and  ditches  in  this  State 
any  sawdost,  mbbish,  filth,  or  poisonous  or  deleterious  substance 
or  sahstances  liable  to  affect  the  health  of  persons,  fish,  or  live  stock, 
or  place  or  deposit  any  such  deleterious  substance  or  substances 
in  any  place  where  the  same  may  be  washed  or  infiltered  into  any  of 
the  waters  herein  named,  shall  he  deemed  guilty  of  a  misdemeanor, 
and  upon  conviction  thereof  in  an}'  court  of  competent  jurisdiction 
shall  be  fined  in  any  sum  not  less  than  fifty  dollars  nor  more  than 
five  hundred  dollars,  exclusive  of  court  costs:  Provided^  That  in 
<*ases  of  State  institutions,  municipalities,  towns,  incorporated  towns 
or  cities,  when,  owing  to  the  magnitude  of  the  work,  immediate  cor- 
rection of  the  evil  is  impracticable,  then  in  such  cases  the  authorities 
Bhall  adopt  all  new  work,  and  as  rapidly  as  possible  reconstruct 
the  old  systems  of  drainage,  sewerage,  and  so  as  to  conform  with  the 
provisions  of  this  act:  And  provided  furtlier^  That  all  such  new  and 
reconstructed  systems  shall  l)e  completed  within  four  years  from  the 
date  of  passage  hereof:  Provided^  That  nothing  in  this  act  shall  be  so 
construed  as  to  penpit  mining  or  milling  companies  to  dump  tailings 
directly  into  any  stream  in  this  State  so  as  to  prevent  or  impede  the 
natural  flow  of  such  stream.  Nothing  in  this  act  shall  be  so  construed 
88  to  apply  to  any  quartz  mill  or  ore  reduction  works  in  this  State. 

Sec.  2.  For  the  purposes  of  this  act  the  word  ** ditch"  shall  be  con- 
stmed  to  mean  any  ditch,  canal,  channel,  or  artificial  waterway  used 
for  carrying  or  conducting  water  into  any  reservoir  from  which  it  may 
be  used  or  distributed  for  domestic  purposes  to  any  person  in  this 
State,  or  to  any  person  in  any  county,  city,  town,  or  municipality  in 
this  State. 

Sec.  3.  The  sum  of  three  thousand  dollars  is  hereby  appropriated 
out  of  any  money  in  the  state  treasury,  not  otherwise  appropriated, 
subject  to  the  disposal  of  the  governor  of  this  State,  for  the  purpose 
of  enforcing  the  provisions  of  this  act,  either  in  the  courts  of  this 
State  or  in  the  courts  of  the  United  States,  such  expenditure  to  be 
allowed  and  paid  as  other  claims  against  the  State  are  allowed  and 
paid. 

Sec.  4.  This  act  shall  take  effect  and  be  in  force  from  and  after  the 
fixst  day  of  July,  A.  D.  nineteen  hundred  and  four. 

NEW   MEXICO. 

[( Vtmpiled  Laws,  a(*t  of  March  16, 1807.] 
STRKAMS   AND   LAKES. 

Sec.  64.  It  shall  not  be  lawful  for  any  person  or  persons  to  throw 
<>rea8t  the  dead  hoi\\  or  carcuss  of  any  animal  or  towV^  ot  \Ai\>\w^t 
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;  oiiiply  any  m-wl-i-s  ur  olhiT  jKilliiti-il  ur  Ix-fuiiled  sulwtHnww  iitliimiy 
rivor,  streuin,  Itilm,  piiuil.  nwetvnir,  illtc-li,  ur  any  wat«r  coiinw,  nf  tn 
in  any  tniinnor  «r  hy  lUiy  meHiis  pollute  or  befoul  thu  waters  tlii-trof, 
'1(1141111  this  k'rritory.  »>  a»  to  renJer  the  sHine  unwholesome  or  dRwiuvp 

'  ordaugeruus  lo  tho  hi^altli  of  the  iuhnbitaiitsnf  any  (^mmuuti^uriif 

I  Any  pePHon  bavin);  the  ri^ht  to  use  and  who  vises  the  same,  for4^)»''- 
tag  or  ilotiieHtic  piir[H>!4e!<,  or  that  may  render  sueh  waters  tiiitlt  nr 

I  daugeroUM  for  wnteriii^;  stock,  or  for  HgrictiUurai  or  horticultural  par- 

I  pDBe». 

Sec.  65.  That  the  polluting  of  watent  in  any  of  the  muuiierh  »liu\-t 
speeilied,  in  hereby  det-lared  t^i  lie  a  pu1>lie  nuisance,  which  shall  he 
ttnmediaUily  rwuioved  by  tlitt  pcrNon  or  ]M>f80U8  creatiug  the  siniic, 
Upon  the  demand  of  any  public  «flic«r  or  of  any  (lerson  or  persom 

I  who  inny  have  a  right  to  the  uim>  of  said  waUtrs. 

'  Sec,  61).  That  any  poiiron  or  [lersoDii  violating  any  of  the  provision 
of  see..  54  may  Im  tried  therefor  before  any  justice  of  the  poace  of  lb 
county  where  the  offence  is  committed  and  upon  conviction  Ihereo 
shall  be  punished  by  a  fine  in  any  sum  not  less  than  ten  dollars  n( 
more  than  one  hundred  dullaru,  or  by  imprisonment  in  the  county  J8 
for  any  period  of  time  not  less  than  ten  days  nor  more  than  si\1 
days,  or  by  l>oth  line  and  imprisonment.  And  in  addition  thereto  t1 
justice  of  the  [R-ace  shall  direct  the  sheriff  of  the  county  or  the  coi 
attiblc  «f  (hf  |ir<'cincl  to  rcliovt-  xuch  miisanco,  at  the  expense  of  tl 
person  or  persons  creating  the  same,  which  said  expenses  shall  ) 
taxed  as  other  costs  against  the  person  or  persons  so  offending,  an 
shall  l>e  collected  in  the  manner  provided  by  law  for  the  collection  c 
costs  in  criminal  cases. 

AH  ACT  tl)  ninenit  section  54  of  the  cuiupileit  laws  of  1807.     (Appro%'ed  Hare 

Itlth,  \»m.) 

Be  it  enacted  Inj  the  leijidnlire  tisNemliij  of  the  Territory  of  ,V(i 
Mexlvo: 

Section  1.  That  section  54  of  the  compiled  laws  of  18117  lie.  im 
the  same  is  hereby,  amended  to  read  as  follows: 

Sec.  54.  It  fs  hereby  made  unlawful  for  any  person  to  cast  il 
dead  body  of  any  animal  or  fowl,  or  anj'  refuse  matter,  such  as  I 
cans,  paper,  ashes,  bones,  or  other  garbage  into  any  running  stroi 
spring,  lake,  pond,  resen'oir,  ditch,  or  water  course,  or  to  run  or  emp 
any  sewer  or  other  foul  substance  into  the  same,  or  in  any  other  nia 
ner  or  means  to  pollute  or  foul  the  said  water  so  as  to  render  the  sal 
offensive  or  dangerous  to  the  health  of  the  inhabitants  of  any  coi 
raunity  or  of  any  person  having  th«  right  to  use  the  same  for  drin 
ing  or  domestic  purposes,  or  that  may  render  said  waters  unfit 
unhealthy  for  watering  stock.  But  it  shall  l)e  the  dnty  of  eve 
person  outside  of  incorporated  towns,  cities,  or  villages,  to  destroy  i 
dontestic  refuse  and  garbage  by  burning  the  same;  any  violation 
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this  section  shall  be  considered  a  misdemeanor  and  punished  as  pro- 
vided by  law. 

Stac.  2.  All  acts  and  'p&ris  of  acts  in  conflict  herewith  are  hereby 
nfsaled;  and  this  act  shall  take  effect  from  and  after  its  passage. 

[Laws  of  IfNia,  chap.  21,  p.  ae.] 

It  - 

AXACT  to  prevent  injury  to  ditches,  pipe  lines,  reservoirs,  and  the  taking  of  and 
befooling  of  water  therefrom.     (Approved  March  10th,  1903.) 

Be  it  enacted  by  tike  legislative  assevihly  of  the  Territory  of  New 
Mexico: 

Section  1.  Any  person  who  shall  wilfully  and  maliciously  cut, 
bieak,  or  injure,  or  who  shall  by  shooting  or  by  damming  or  ob- 
structing the  same  cause  to  break,  or  injure  any  ditch,  flume,  pipe 
line,  or  reservoir,  belonging  to  another,  or  any  of  the  attachments  or 
fixtures  used  in  connection  therewith,  shall  be  guilty  of  a  misdemeanor 
and  shall  be  punished  by  a  fine  of  not  less  than  ten  dollars  ($10.00) 
nor  more  than  fifty  dollars  ($50.00),  or  by  confinement  in  the  county 
jail  for  not  more  than  sixty  days,  or  by  both  such  fine  and  imprison- 
ment, in  the  discretion  of  the  court  trying  the  case,  except  in  cases 
where  such  pipe  line  or  reservoir  is  used  for  the  purpose  of  supplying 
water  to  any  community,  village,  town,  or  city  for  domestic  purposes, 
in  which  event  the  person  committing  such  offence  shall  be  punished 
by  a  fine  of  not  less  than  fifty  dollars  ($50.00)  nor  more  than  one  hun- 
dred dollars  ($100.00),  or  by  imprisonment  in  the  county  jail  not  less 
than  thirty  nor  more  than  sixty  days,  or  by  both  such  fine  and  impris- 
onment in  the  discretion  of  the  court  trying  the  case. 

Sec.  2.  Any  person  who  shall  bathe  in,  or  wilfully  cast  any  filth 
in,  any  reservoir  or  ditch  used  for  supplying  water  for  domestic  use 
shall  be  guilty  of  a  misdemeanor,  and  upon  conviction  shall  be  fined 
not  less  than  ten  dollars  ($10.00)  or  not  more  than  twenty-five  dollars 
(125.00). 

Sec.  3.  All  acts  and  parts  of  acts  in  conflict  herewith  are  hereby 
i^pealed,  and  this  act  shall  take  effect  from  and  after  its  passage. 

NORTH  CAROLINA. 
[North  ("aroliua  Criminal  Code  and  DinceHt  i2d  od.),  p.  i.'iB.J 

Sec.  500.  Putting  poisonous  substance  in  water  for  the  purpose  of 
killing  fish  is  forbidden. 

Laws  of  1903,  chapter  245,  page  321,  forbids  throwing  sawdust  into 
the  water  courses  of  Yancey  County. 

Ll^aws  of  North  Canjlina,  1«H,  Chap.  15»»  p.  182.] 

AN  ACT  to  protect  water  supplies. 

Sections  1  to  10,  inclusive,  provide  a  thorough  system  of  inspection 
*nd  forbid  any  pei-son  or  corporation  to  supply  water  for  the  public 
^thout  taking  tht^  precautions  therein  prescribed. 
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Seotiotlfi  11  to  17  are  as  foUuWH; 

8kc.  II.  Whoever  <iefilfis,oormpts,  pollutes  any  well,  npriiig,driiin, 
branch,  brook,  or  creek,  or  other  source  of  public  water  supply  uwd 
for  drinking  purposes,  in  any  manner,  or  tlepoaits  the  bodyof  aaj 
dead  animal  on  the  watershed  of  any  such  water  supply,  or  allowsllw 
same  to  remain  thereon  nnli-ss  the  same  is  buried  with  at  least  l*i> 
I     feet  cover,  shall  be  guilty  of  u  iniwlemeanor,  and  fined  and  impri^ 

oned,  in  the  diwretion  of  the  court. 
I        Sec,  li.  Whoever  shall  colleet  and  detKisit  human  excreta  uu  tin- 
■   watershed  of  any  public  water  supply  shall  Ih>  guilty  of  a  misdemcamir, 
and  punished  by  fine  and  imprisonment,  in  the  discretion  of  the  court 

Sec,  13.  No  person,  firm,  (yirpuration,  or  municipality  shall  flowor 
discharge  sewage  into  any  drain,  brook,  creek,  or  river  fi-om  which » 
public  drinking-water  supply  is  lakcn,  unless  the  same  shall  luivt 
been  pa^tscd  through  Konie  well-known  sj'stem  of  sewage  purilication 
I  approved  by  the  state  board  of  health.  Anj'  i)eraon,  firm,  corpor*- 
tion,  or  the  officer  of  any  municipality  having  thi.-*  work  in  eharce, 
who  shall  violate  this  section  shall  be  guilty  of  a  misdcTueanor,  nnil 
tile  continued  How  and  discharge  of  such  sewage  may  l>e  enjoined  h\ 
any  person. 

Sec.  14.  That  all  schools,  hamlets,  villages,  towns,  or  indiistriHl 
settlemenl-8  which  are  now  locat^fd  or  may  be  hereafter  located  on  the 
shed  of  any  public  water  supply  not  piijvided  with  a  sewerage  syet^'iri, 
shall  provide  and  maintain  a  tub  sj'stem  for  collecting  human  excre- 
ment, and  provide  for  removal  of  the  same  from  the  watershed  nt 
least  twice  each  week.  Every  person,  firm,  corporation,  or  muuiei- 
pality  violating  this  section  shall  be  guilty  of  a  misdemeanor,  and 
fined  or  imprisoned,  in  the  discretion  of  the  court. 

Sec.  15.  No  biiryiugground  or  cemetery  shall  be  established  on  the 
watershed  of  any  public  water  supply  nearer  than  five  hundred  yanls 
of  the  source  of  supply. 

Sec.  16,  All  water  companies  now  operating  under  charters  from 
the  State  or  muuicipalities,  which  may  maintain  public  wat«r  snv 
plies,  may  acquira  by  condemnation  such  lands  and  rights  in  la"'' 
and  water  as  are  necessary  for  the  successful  operation  and  protectin" 
of  their  plants,  said  proceedings  to  l>e  the  same  as  prescribed  by  chap- 
ter i'.t,  volume  1,  of  the  Code  of  North  Carolina. 

Sec.  17.  For  carrying  out  the  provisions  of  this  act  the  state  boin^' 
of  health  is  authorized  and  empowered  to  have  the  bacterioh»gifa 
examination  made  as  hereinbefore  provided  for,  and  to  charge  for  tl" 
same  the  sum  of  five  dollars  (*5,00)  for  each  examination. 

OHIO. 

[Bates'fi  Annotated  Revised  Statutes  iif  Oblii.  p.  «\^.] 

Sec.  6921.   Nuisance. — Whoever      *      ♦      «      corrupts    or   render 
unwholesome  or  impure  any  water  course,  stream,  or  water     *     * 
shall  be  fined  not »-   -     "in  five  hundred  doWava, 
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Sec.  6923.  {Urdawfid  deposit  of  dead  animals^  offcdy  &c,^  into  or 
pon  land  or  waier.) — Whoever  puts  the  carcHSS  of  any  dead  animal, 
r  the  offal  from  any  slaughterhoose  or  butcher's  establishment, 
laeking  house,  or  fish  house,  or  any  spoiled  meat  or  spoiled  fish,  or 
ay  putrid  substance,  or  the  contents  of  any  privy  vaults,  upon  or 
Dto  any  lake,  river,  bay,  creek,  pond,  canal,  road,  street,  alley,  lot, 
leld,  meadow,  public  ground,  market  place  or  common,  and  whoever, 
)eing  the  owner  or  occupant  of  any  such  place,  knowingly  permits 
iny  such  thing  to  remain  therein,  to  the  annoyance  of  any  of  the  citi- 
sens  of  this  State,  neglects  or  refuses  to  remove  or  abate  the  nuisance 
Kscasioned  thereby,  wiihin  twenty-four  houi^s  after  knowledge  of  the 
ai^tence  of  such  nuisance  upon  any  of  the  above-ilescribed  premises, 
)wiied  or  occupied  by  him,  or  after  notice  thereof  in  writing  from 
my  supervisor,  constable,  trustee,  or  health  officer  of  any  municial 
corporation  or  township  in  which  such  nuisance  exists,  or  from  a 
»anty  commissioner  of  such  county,  shall  be  fined  not  more  than 
Uty  dollars  nor  less  than  ten  dollars  and  pay  the  costs  of  prosecu- 
)ion,  and  in  default  of  the  payment  of  said  fine  and  costs  be  impris- 
med  not  more  than  thirty  days,  but  the  provisions  hereinbefore  made 
iliall  not  prohibit  the  depositing  of  the  contents  of  privy  vaults  and 
iatch-basins  into  trenches  or  pits  not  less  than  three  feet  deep,  exca- 
mted  in  any  lot,  field,  or  meadow,  the  owner  thereof  consenting,  out- 
ude  the  limits  of  any  municipal  corporations,  and  not  less  than  thirty 
:t)d8  distant  from  any  dwelling,  well,  or  spring  of  water,  lake,  bay,  or 
[)ond,  canal,  run,  creek,  brook,  or  stream  of  water,  public  road  or 
liighway:  Provided^  That  said  contents  deposited  in  said  trenches  or 
pits  are  immediately  thereafter  covered  with  dry  earth  to  the  depth 
)C  at  least  twelve  inches;  nor  shall  said  provisions  i)rohibit  the 
lepositing  of  said  contents  into  furrows  situate  and  distinct,  as  speci- 
Sed  for  said  trenches  or  pits,  provided  the  same  are  immediately 
hereafter  wholly  covered  with  dry  earth  by  plowing  or  otherwise: 
^ndprovided  alsoy  That  the  owner  or  occupant  of  the  land  in  which 
Mild  furrows  are  plowed  consents  and  is  a  party  thereto:  Proxnded 
i&o,  That  the  board  of  health  of  any  municipal  corporation  may 
kilow  said  contents  to  be  deposited  within  corporate  limit*  into 
renches  or  pits  or  furrows,  situate  distant  and  to  be  covered  as 
aforesaid. 

Sec.  6925.  Emptying  of  coal  dirt,  i^etroleum,  &c.,  into  lakes,  rivers^ 
tc,  or  permitting  same;  penalty, — Whoever  intentionally  throws  or 
deposits,  or  jKjrmits  to  l)e  thrown  or  deposited,  any  coal  dirt,  coal 
lack,  coal  screenings,  or  coal  refuse  from  coal  mines,  or  any  refuse  or 
ilth  from  any  coal-oil  refinery  or  gas  works,  or  any  whey  or  filthy 
Irainage  from  a  cheese  factory,  upon  or  into  any  of  the  rivera,  lakes, 
Jonds,  or  streams  of  this  State,  or  upon  or  into  any  place  from  which 
ihe  same  will  wash  into  any  such  river,  lake,  pond,  or  stream;  or  who- 
ever shall,  by  himself,  agent,  or  employe,  cause,  suffer,  or  permit  any 
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petmleam,  or  crude  oil,  or  rt'IiDed  oil,  or  any  compouDil  or  mlxtitreui 
o1.)ier  product  of  sucli  well,  except,  frt-sh  or  ttalt  wat«r,  or  reHiduoBiiJ 
oil  or  rtltli  Troiii  oil  well,  or  oil  l-aiik,  or  oil  vat,  or  place  of  deposit,  ai 
orudp  or  retliiiid  oil,  to  run  into,  or  Iw  jwurwl,  or  emptied,  or  thrown 
tnto  any  rivpr,  or  dit(?h,  or  drain,  or  witter  coui-se,  or  into  any  pim* 
from  which  said  [wtrolpum,  or  crude  oil,  or  residuum,  or  refined  uiLur 
fllth  may  run  or  wawli,  or  does  mn  or  wa^li,  into  any  such  river,  «t 
ditch,  or  drain,  or  wat*>r  eunrse,  upon  indii'tuieut  and  eonrictiuti  iu 
the  county  in  which  such  coal  mines,  coal-oil  reliuery,  cas  works,  c^hiiiw 
factory,  oil  well,  oil  lank,  oil  vat,  or  place  of  depoait  of  crude  or  rerinw] 
oil  are  situated,  shall  be  fined  in  any  sum  not  more  than  one  tfamiflaDi! 
dollars  nor  less  than  fifty  dollars. 

{Fiiieand  rost^  ahfii :  exeiiUion.) — And  such  fine  and  eoslsof  prose- 
cution shall  bo  and  reiiiMin  a  lien  on  said  oil  well,  oil  tank,  oil  rcflnerf, 
oil  vat,  and  place  of  deposit,  and  the  contents  of  said  oil  well,  oil  lank, 
oil  refinery,  oil  vat,  or  place  of  deposit,  until  said  fine  and  costs  are 
paid;  and  said  oil  well,  oil  tank,  oil  refinery,  oil  vat,  or  place  of 
deposit,  and  the  contents  thereof,  may  be  sold  for  the  paymeut  of 
such  fine  and  costs  upon  execution  duly  issued  for  that  purpose. 

SBC.  6937.  (Befimlin<i  well,  upring,  d:c. ) — Whoever  maliciously  puis 
any  dead  animal  carcass,  or  x>art  thereof,  or  any  other  putrid,  nause- 
ous, nuisome,  or  offensive  substance  intu,  or  in  any  manner  befouls, 
any  well,  spriiisr,  brook,  or  branch  of  running  wat-er,  or  any  reservoir 
of  water  works,  of  which  use  is  or  may  be  made  for  domestic  purposes, 
shall  be  fined  not  more  than  fifty  nor  less  than  five  dollars,  or  impris- 
oned not  more  than  sixty  days,  or  both. 

OREGON. 

[Bellinger  anil  CuIIod'k  Annolali^  (?odoB  and  Slatntes  'if  OreRon.  vol.  1.  p.  TX.] 


Sec,  2128,  Polluting  with  newaye,  &c.,  wai-er  for  domestic  vse  un- 
laivfitl. — Auy  person  who  shall  put  any  sewage,  drainage,  or  refuse, 
or  polluting  matter,  as  either  by  itself  or  in  connection  with  other 
matter  will  corrupt  or  impair  the  ([uality  of  any  well,  spring,  brook, 
creek,  branch,  or  pond  of  water,  which  is  used  or  may  bt>  iisinl  foi 
domestic  purposes,  shall  be  deemed  guilty  of  misdemeanor,  (^,aw^ 
1885,  p.  110,  sec.  1.) 

Sec.  2129.  Animal  cnrcasn,  rfv.,  unlawful  to  ph<-e  in  watrr  fn 
domestic  ttse  or  near  dwelling. — If  any  person  shall  put  any  dead  ani 
mal  carcass,  or  pai-t  there<if,  excrement,  putrid,  nauseous,  noisome 
decaying,  deleterious,  or  offensive  substance  into,  or  in  any  othe 
manner  not  herein  named  befouls,  poUmes,  or  impairs  the  quality  of 
any  spring,  brook,  creek,  branch,  well,  or  pond  of  water,  which  is  o 
may  be  used  for  domestic  purposes,  or  shall  put  any  such  dead  ani 
mal  carcas,s,  or  part  thereof,  excrement,  putrid,  nauseous,  noisome 
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deeaying,  deleterionB,  or  offensiye  substance  within  one-hHlf  mile  of 
mj  dwelling  honse  or  public  highway,  and  leave  the  same  without 
poper  burial,  or,  being  in  the  possession  or  control  of  any  land,  shall 
knowingly  pemdt  or  suffer  any  such  dead  animal  carcass,  or  part 
'tiiereofy  excrement,  putrid,  nauseous,  noisome,  decaying,  deleterious, 
or  offensive  substance  to  remain  without  proper  burial  upon  such 
inmisec^  within  one*half  mile  of  any  dwelling  house  or  public  high- 
w^r,  whereby  the  same  becomes  offensive  to  the  occupants  of  such 
dwelling  or  the  traveling  public,  he  shall  be  deemed  guilty  of  a  mis- 
demeanor.    (1885,  p.  110,  sec.  2). 

Sbc.  2130.  Penalty  for  violating  preceding  provisions  andjurisdio 
Hon  to  enforce. — ^Any  person  violating  the  provisions  of  this  act  shall, 
upon  conviction,  be  fined  not  less  than  ten  nor  more  than  fifty  dollars, 
or  he  imprisoned  not  less  than  five  days  nor  more  than  twenty-five 
days,  or  by  both  fine  and  imprisonment.  Justices  of  the  x>eace  shall 
have  jurisdiction  of  offences  committed  against  the  provisions  of  this 
aei 

Sbc.  2131.  PoUtding  water  used  for  domestic  purposes^  or  to  which 
Uoe  slock  have  access^  unlawful. — If  any  person  or  persons  shall  put 
any  dead  animal's  carcass,  or  part  thereof,  or  any  excrement,  putrid, 
nanaeous,  decaying,  deleterious,  or  offensive  substance  in  any  well, 
or  into  any  spring,  brook,  or  branch  of  running  water,  of  which  use 
is  made  for  domestic  purposes,  or  to  which  any  cattle,  horses,  or  other 
kind  of  stock  have  access,  every  person  so  offending  shall,  on  convic- 
tion thereof,  be  fined  in  any  sum  not  less  than  three  nor  more  than 
fifty  dollars. 

Sbc.  2133.  Animal  carcass^  unlawftd  to  put  in  river  or  elsewhere  to 
injury  of  health. — ^If  any  person  or  persons  shall  put  any  part  of  the 
carcass  of  any  dead  animal  into  any  river,  creek,  pond,  road,  street, 
*ltey,  lane,  lot,  field,  meadow,  or  common,  or  if  the  owner  or  owners 
thereof  shall  knowingly  permit  the  same  to  remain  in  any  of  the 
aforesaid  places  to  the  injury  of  the  health  or  to  the  annoyance  of  the 
citizens  of  this  State,  or  any  of  them,  every  person  so  offending  shall, 
on  conviction  thereof,  be  fined  in  a  sum  not  less  than  two  nor  more 
than  twenty-five  dollars,  and  every  twenty-four  hours  during  wliich 
8^  owner  may  permit  the  same  to  remain  thereafter  shall  be  deemed 
an  additional  offence  against  the  provisions  of  this  act. 


SOUTH  DAKOTA. 
[Revised  Codes  of  1908,  Penal  Code  (p.  1146).] 

Sec.  445.  Every  person  who  throws  or  deposits  any  gas,  tar,  or 
refuse  of  any  gas  house  or  factory,  into  any  public  waters,  river,  or 
stream,  or  into  any  sewer  or  stream  emptying  into  such  public  waters, 
river,  or  stream,  is  guilty  of  a  misdemeanor. 

Sbc.  446.  It  shall  l>e  unlawful  for  any  person,  persons,  (»onipany,  or 
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oopporatiou  lo  itlm-f-' tir  onuse  to  be  placed  any  manure,  butcher's olf»], 
ci»'csMH<>8  of  aiiinmls,  or  other  deleterious  BubstHnces,  iaUi  any  riTer, 
sti-eAiti,  or  lake,  in  the  St^ite  of  South  Dakota,  or  upon  th('  IwiiL* 
thereof  ill  snch  [n-osiiiiily  that  siieh  nubstAnccs  may  be  wnshtMl  inti 
said  watiT  or  water  ooiirsos, 

Sbc.  447,  Any  violation  of  the  provisions  of  this  diapter  iBaruL'i- 
demeanor,  and  the  person,  persons,  company,  or  corporation  sn  vio- 
lating are  deemed  guilty  therv4)f,  and  upon  i.'onviction  shall  l»e  liutiif 
to  a  fine  not  less  than  ten  dollarK  nor  more  than  one  hundred  clollant, 
and  in  addition  thereto  such  offending  person  or  persons  shall  besnlf 
jeet«d  I.O  imprisonment  in  the  ocmnty  jail  for  tlie  jM-riod  of  thirty  ilm 
unltwti  ho  or  they  oansf>  suoh  deleterious  substrauces  lo  Ik-  remoTii 
-  Sec.  44S.  This  act  shall  not  be  construed  as  to  interfern  wilh '" 
prevent  auj'  nocessary  or  letritimate  mining  operation  or  sewen^i 
system, 

TENSBSSEK, 

ICwIoiil!  Tennesaei-.  lum.) 

Sec.  WH'J.  It  is  a  public  nuisance —     *     •     • 

3.  To  eorrupt  or  render  unwholesome  or  impure  the  water  of  anj 
rivor,  stream,  or  pond  to  the  injury  or  prejudice  of  others. 

Skc,  0530.  If  any  person  place  or  throw  the  dead  liody  of  any  luii- 
mal  in  any  spring,  well,  cisliern,  or  running  stream  of  water  hpis 
guilty  of  a  misdemeanor. 

[llMi.<-b«p.;ili».p.«lfj.l 

Section  1  makes  it  a  misdemeanor  for  "any  person  to  in  any  wav 
wilfully  •  •  •  disturb,  pollute,  contaminate,  or  injure  the  water 
in  the  tanks,  standpipetJ,  or  reservoirs  of  any  such  waterworks  by 
bathing  therein  or  by  any  other  act  or  acts  tending  to  injure  the 
water  or  to  make  it  unpalatable,  unwholesome,  or  unfit  for  domestii 
or  manufacturing  purposes,  of  any  plant  supplying  water  lor  domew 
tic  or  manufacturing  purposes,"  however  owned. 

Sec.  2.  That  it  shall  l)e  a  misdemeanor  for  any  person  to  wilfully 
corrupt  or  to  permit  anything  to  run  or  fall  into  any  stream  from 
which  water  shall  be  taken  for  the  purpose  of  supplying  water  to  any 
water  plant  such  as  is  referred  to  in  section  1  of  this  a(^t,  and  mO 
person  violating  this  section  shall  be  punished  as  pi-ovided  in  8ectii>i 
1  hereof. 

Act  takes  effect  April  7,  19(i3,  on  its  passaj-'r 

TEXAS. 

[Whito^B  Annotated  Penal  aAf  iif  Tcmu.,  j.,  -On.] 
OFFEK0E8  AFFECTIKU  PUItUf  HKAl-Tll. 

ArTi  424.  If  any  person  shall  in  any  wise  pollute  of  (<)ry)  obstrm 
any  water  course,  lake,  pond,  marsh,  or  common  sewer,  or  eoutini 
such  obetructioa  or  pollution  80  as  to  render  the  saiiie  unwholeson: 
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3nsive  to  the  inhabitants  of  the  county,  city,  town,  or  neighbor- 
thereabout,  he  shall  be  fined  in  a  sum  not  exceeding  five  hun- 
lollara. 

OFFENCES  AGAINST  THE  PERSON. 

r.  647.  If  any  person  shall  mingle  or  cause  to  be  mingled  any 
noxious  potion  or  substance  with  any  drink,  food,  or  medicine, 
ntent  to  kill  or  injure  any  other  person,  or  shall  wilfully  poison 
ise  to  be  poisoned  any  spring,  well,  cistern,  or  reservoir  of  water 
mch  intent,  he  shall  be  punished  by  imprisonment  in  the  peni- 
tr}^  not  less  than  two  nor  more  than  ten  years. 

UTAH. 

[Rerised  Statutes,  p.  910,  Penal  Code:  Public  Health  an&  Safety.] 

'.  4274.  Befouling  waters. — Any  person  who  shall  either: 
Z!onstruct  or  maintain  any  coiTal,  sheep  pen,  stable,  pigpen, 
en  coop  or  other  offensive  yard  or  outhouse  where  the  waste  or 
age  therefrom  shall  flow  directly  into  the  waters  of  any  stream, 
or  spring  of  water  used  for  domestic  purposes;  or 
Deposit,  pile,  unload,  or  leave  any  manure  heap,  offensive  rub- 
or the  carcass  of  any  dead  animal  where  the  waste  or  drainage 
from  will  flow  directly  into  the  waters  of  any  stream,  well,  or 
I  of  water  used  for  domestic  purposes;  or 

Dip  or  wash  sheep  in  any  stream,  or  construct,  maintain,  or  use 
ool  or  dipping  vat  for  dipping  or  washing  sh^ep  in  such  close 
mity  to  any  stream  used  by  the  inhabitants  of  any  city,  town,  or 
e  for  domestic  purposes  as  to  make  the  waters  thereof  impure 
wholesome;  or 

[Construct  or  maintain  any  corral,  yard,  or  vat  to  be  used  for  the 
»se  of  shearing  or  dipping  sheep  within  twelve  miles  of  any  city, 
or  village  where  the  refuse  or  filth  from  said  corral  or  yard 
I  naturally  find  its  way  into  any  stream  of  water  used  by  the 
dtants  of  any  city,  village,  or  town  for  domestic  purposes;  or 
Establish  and  maintain  any  corral,  camp,  or  bedding  place  for 
arpose  of  herding,  holding,  or  keeping  any  cattle,  horses,  sheep, 
igs  within  seven  miles  of  any  city,  town,  or  village  where  the 
B  or  filth  from  said  corral,  camp,  or  bedding  place  will  naturally 
its  way  into  any  stream  of  water  used  by  the  inhabitants  of 
dty,  town,  or  village  for  domestic  purposes,  shall  be  guilty  of 
demeanor. 

[Laws  of  1899,  chap.  45,  p.  66.] 

\  2.  No  house  refuse,  offal,  garbage,  dead  animals,  decaying 
able  matter,  or  organic  waste  substance  of  any  kind  shall  be 
n  on  or  allowed  to  remain  upon  any  street,  road,  ditch,  gutter, 
c  place,  private  premises,  vacant  lot,  water  course,  lake^^jiou^i^i 
I,  OT  well 
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IPiilUrd-B  Oenonil  Lhwh.  Isn-HWU,  eb»p.  7a,  p.  M  (Acts  IWff-BN,  p.  W).] 

AN  AiTt  to  prercnt  tha  pollntian  uf  drinldng  'water  in  this  State.     (Appmnl 
Febrnary3,  less.) 

1.  Be  ii  enacted  by  ihe  t/eneral  ussembly  of  Virginia,  That  any  per- 
son or  peraons  who  shall  knowiugly  and  wilfiUly  throw  or  cause  l» 
be  thrown  inlo  any  i-esorvoir  or  other  receptacle  of  drinking  water, 
or  KprinfC,  or  stream  of  running  water  ordinarily  nned  for  the  supplj' 
of  drinking  water  or  domestic  purposes  of  any  person  or  family, 
town,  or  city  in  this  Commonwealth  the  dead  body  of  any  animal,  or 
shall  drown  and  leave,  or  cause  to  bo  drowned  ami  left  any  animal 
therein  shall  to  guilty  of  a  misdemeanor,  and  upon  conviction  thereof 
shall  be  fined  not  exceeding  nne  hundred  dollars  or  imprisoned  not 
exceeding  six  months,  or  both,  at  the  discretion  of  the  conrt  in  which 
such  conviction  ia  made. 


AH"  ACT  to  pr^veut  tho  pollutioa  of  potable  water  need  for  the  snpplj  of  dtifs 
and  Itiwna.     (Approval  FebnuwyaS,  1898.) 

1.  Btt  it  etmcted  by  thi-  yem-rnl  risHenMy  of  Virginia,  That  it  shall 
be  unlawful,  except  as  hereinafter  provided,  for  any  person  to  dolilc 
or  rendt-r  impui-e,  t.nrl)id,  or  offenMive  the  water  used  for  the  supply 
of  any  city  or  town  of  this  State,  or  the  sources  or  streams  used  for 
furnishing  snch  supply,  or  to  endanger  the  purity  thereof  by  the  fol- 
lowing means,  or  any  of  them,  to  wit,  by  washing  or  bathing  therein, 
or  by  casting  into  any  spring,  well,  pond,  lake,  or  reservoir  from  which 
such  supply  is  drawn,  or  into  any  stream  so  used,  or  the  tributari' 
thereof  above  the  point  where  such  rnpply  is  taken  out  of  such  stream 
or  is  impounded  for  the  purposes  ot  such  supply,  or  into  any  canal, 
acqueduct,  or  other  channel  or  receptacle  for  water  connected  with 
any  works  for  furnishing  a  public  water  supply,  any  offal,  dead  fish, 
or  carcass  of  any  animal,  or  any  human  or  animal  filth  or  other  foul 
or  waste  animal  matter,  or  any  wa.ste  vegetable  or  mineral  substance, 
or  the  refuse  of  any  mine,  manufactory,  or  manufacturing  process, 
or  by  discharging  or  permitting  to  flow  into  any  such  source,  spring;, 
well,  reservoir,  pond,  stream,  or  the  tributary  thereof,  canal,  acque- 
duct, or  other  receptacle  for  water,  the  contents  of  any  sewer,  privj', 
stable,  or  barnyard,  or  the  impure  drainage  of  any  mine,  any  crudt* 
or  refined  petroleum,  chemicals,  or  any  foul,  noxious,  or  offensive 
drainage  whatsoever,  or  by  constructing  or  maintaining  any  privy 
vault  or  cesspool,  or  by  storing  manure  or  other  soluble  fertilizer  of 
an  offensive  character,  or  by  disposing  of  the  carcass  of  any  animal, 
or  any  foul,  noxious,  or  putreseible  substance,  whether  solid  or  fluid 
and  whether  the  same  be  buried  or  not,  within  two  hundred  feet  of 
any  water  course,  canal,  pond,  or  lake  aforesaid,  which  is  liable  to 
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contatninatioii  by  the  washing  thereof  or  percolation  therefrom :  Pro^ 
indedy  That  nothing  in  this  act  contained  shall  be  construed  to 
authorize  the  pollution  of  any  of  the  waters  of  this  State  in  any  man- 
ner now  contrary  to  law:  And  provided  further y  That  this  act  shall 
not  apply  to  streams  the  drainage  area  of  which,  above  the  point 
where  the  water  thereof  is  withdrawn  for  the  supply  of  any  city  or 
town,  or  is  imx>ounded  for  the  purposes  of  such  supply,  shall  exceed 
fifty  square  miles. 

2.  That  any  person  knowingly  or  wilfully  violating  the  terms  of 
this  act  shall  be  deemed  guilty  of  a  misdemeanor,  and  shall  be  pun- 
ished for  each  offence  by  a  fine  not  exceeding  one  hundred  dollars  or 
by  imprisonment  not  exceeding  thirty  days,  or  by  both,  at  the  discre- 
tion of  the  court:  And  provided  furfJier^  That  nothing  herein  con- 
tained shall  be  so  construed  as  to  prevent  the  washing  of  ore  or 
minerals  in  an}'  of  the  streams  or  waters  of  this  Commonwealth  other 
than  such  as  may  be  used  for  the  water  supply  of  any  city  or  town. 

3.  This  act  shall  take  effect  fifteen  days  after  its  passage. 

WASHINGTON. 
[Bfcllinger^B  Annotated  Codes  and  Statuten,  including  acts  of  1897.] 

Nuisances.  Sec.  3085.  It  is  a  public  nuisance: 
♦  ««♦♦«« 

2.  To  throw  or  deposit  any  offal  or  other  offensive  matter,  or  the 
carcass  of  any  dead  animal,  in  any  water  course,  stream,  lake,  pond, 
spring,  well,  or  common  sewer,  street  or  public  highway,  or  in  any 
manner  to  corrupt  or  render  unwholesome  or  impure  the  water  of 
any  such  spring,  stream,  pond,  lake,  or  well,  to  the  injury  or  preju- 
dice of  others. 

Punishment  provided  in  section  3097. 

[Acts  of  1899,  Chap.  LXX,  p.  114:  Providing  for  a  pure  water  supply.] 

AK  ACT  to  preserve  from  pollution  the  water  supplied  to  the  inhabitants  of  cities 
and  towns  in  the  State  of  Washington;  to  declare  what  are  nuisances  in  the 
vicinity  of  the  source  of  such  water  supply:  providing  for  the  abatement 
thereof,  and  for  the  punishment  of  the  violations  of  this  act. 

Be  it  enacted  by  the  legislature  of  the  State  of  Washington: 
Section  1.  That  for  the  i)urpose  of  protecting  the  water  furnished 
to  the  inhabitants  of  towns  and  cities  within  this  State  from  pollution, 
tho  said  towns  and  cities  are  hereby  given  jurisdiction  over  all  prop- 
erty occupied  b}^  the  works,  reservoirs,  systems,  springs,  branches, 
and  pipes  by  means  of  which,  and  of  all  sources  of  supply  from  which, 
such  cities  or  the  companies  or  individuals  furnishing  water  to  the 
inhabitants  of  such  cities  or  towns  obtain  their  supply  of  water,  or 
store  or  conduct  the  same. 

Sec.  2.  That  the  establishment  or  maintenance  of  any  slaughter 
pen,  stock-feeding  yards,  hog  p(»ns,  or  the  deposit  or  maintenance  of 
any  uncleanly  or  unwholesome  substance,  or  the  couOlvxqX)  oil  ^ay^  \5»\iL^v 
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ness  or  ot-ciipatioii,  or  the  »lluwiug  of  any  uutiditiuii  upon  nr  snffl- 
oiwntly  iwar  IIk'  xoiirisw  from  wliich  tie  supply  of  wiU*'r  fur  th> 
iahfibitants  of  any  siic-li  i-ity  or  t«>wti  is  obtained,  m-  where  such 
water  is  stored,  or  tlio  proporty  or  tnouiis  tbroti}!li  wliii'ti  <h<;  Ham* 
may  be  coaducted  or  eonvey(<d,  no  that  such  wuter  woald  be  poUated 
or  the  purity  of  such  water  or  any  part  thereof  destroyed  or  endan- 
gered, is  hereby  prohibited  and  declared  to  be  unlawful,  Aiid  ia 
hereby  declared  to  be  and  eonstitut^  a  nuisance,  and  as  Mifh  to  \» 
abated  ais  other  iiui»anoes  ai-e  abated  under  the  provisions  of  ihe 
extstiug  law»  of  the  State  of  Washiugton,  or  under  the  laws  whid 
may  be  hereafter  enacted  in  relation  to  tlie  abatement  tliei-eof;  and 
that  any  person  or  persons  who  slmll  do,  establish,  maliilain,  or 
create  anj'  of  the  thinpi*  hereby  pi-ohibited  for  the  purpose  of  or 
which  Bhall  have  the  effect  of  polluting  any  such  sourees  of  wsiec 
supply  or  water,  or  shall  do  any  of  the  th  ings  hereby  decbired  to  be 
unlawful,  shall  l)e  deemed  guilty  of  creating  and  maintaiuiiig  ft 
nuisance,  ami  may  be  prosecuted  tlien^for,  and  upon  conviction 
thereof  may  be  fiiii'.l  in  any  sum  not  c\r(>('ilint;  live  liun<ln-(l  .ir.llar*. 

Src.  3.  If  upon  the  trial  of  any  person  or  peraoos  for  the  violatiou 
of  any  of  the  provisions  of  this  act  such  person  or  persons  shall  be 
found  guilty  of  creating  or  maintaining  a  nnisance  as  hereby  defined 
or  of  violating  any  of  the  provisions  of  this  act,  it  shall  be  the  duty 
of  such  person  or  persons  to  forthwith  abate  such  nuisance,  and  in 
the  event  of  their  failure  so  to  do  within  one  day  after  such  convic- 
tion, unless  further  time  be  grante<l  by  the  court,  a  warrant  shall  bt' 
issued  by  the  court  wherein  such  conviction  was  obtained  directed 
to  the  sheriff  of  the  county  in  which  such  nnisance  exists,  and  the 
sheriff  nhall  forthwith  proceed  to  abate  the  said  nuisance,  and  the  cost 
thereof  shall  be  taxed  against  the  party  so  convicted  as  a  part  of  the 
costs  of  such  case. 

Sec.  +.  It  is  hereby  made  the  duty  of  the  city  health  officer,  city 
physician,  boartl  of  public  health,  nmyor  of  the  city,  or  such  otlicr 
otticer  as  may  have  the  sanitary  condition  of  such  city  or  town  in 
cliarge,  to  see  that  the  provisions  of  this  act  are  enforced,  and,  upon 
complaint  being  ma<le  U>  any  such  officer,  to  immediately  inrestigftl*- 
the  said  complaint  and  see  if  the  same  shall  appear  to  be  well  fouudtHl". 
and  if  the  same  shall  appear  to  l>e  well  founded,  it  shall  l)e,  and  "* 
hereby,  declared  to  l>etlieduty  of  such  officer  to  proceed  and  file  a  i"©!!!" 
plaint  against  the  person  or  persons  violating  any  of  the  pix>visions  o^ 
this  act  and  cause  the  arrest  and  prosecution  of  such  person  or  person;*- 

Sec.  5.  That  any  city  supplied  with  water  fi-om  ani'  source  of  sup' 
ply  as  hereinbefore  mentioned,  or  any  corporation  owning  watef 
works  for  the  purpose  of  supplying  any  city  or  the  inhabitants  thereof 
with  water,  in  the  event  that  any  of  the  provisions  of  this  act  are 
being  violated  by  any  person,  niaj-,  by  civil  action  in  the  sui)erior 
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court  of  the  proper  county,  have  the  maintenance  of  the  nuisance 
^hich  i>ollutes  or  tends  to  pollute  the  said  water,  as  provided  for  by 
section  2  of  this  act,  enjoined,  and  such  injunction  may  be  perpetual. 

WEST   VIRGINIA. 

[Code  of  West  Virginia,  1«»1,  p.  933.] 

OFPKNCKS  AGAINST  PUBLIC    HKALTH— MISDEMEANOR  TO  PUT  DEAD  ANIMAUS,   ETC., 

INTO   WATER  USED  FOR   DOMESTIC   PURPOSES. 

If  any  person  or  persons  shall  knowingly  and  willfully  throw  or 
cause  to  be  thrown  into  any  well,  cistern,  spring,  brook,  or  branch  of 
Tunning  water  which  is  used  for  domestic  purposes,  any  dead  animal, 
carcass,  or  part  thereof,  or  any  putrid,  nauseous,  or  offensive  sub- 
stance, he  or  they  shall  be  guilty  of  a  misdemeanor,  and  upon  con- 
viction thereof,  shall  be  fined  not  less  than  five  dollars  nor  more  than 
one  hundred  dollars,  and  may,  at  the  discretion  of  the  jury,  be  con- 
fined in  the  jail  of  the  county  not  exceeding  ninety  days,  and  shall 
moreover  be  liable  to  the  party  injured  in  a  civil  action  for  damages. 
(Acts  1872-73,  ch.  170.) 

PREVKNTINO  THE  DEPOSIT   OF  THE  CARCASSES  OF  DEAD  ANIMALS  AND  OTHER 
NOXIOUS  MATTER  IN  CERTAIN    WATERS  OF  THE  STATE,  ETC. 

It  shall  be  unlawful  to  put  the  carcass  of  any  dead  animal,  or  the 
offal  from  any  slaughterhouse,  butcher's  establishment,  or  packing 
house,  or  slop  or  other  refuse  from  any  hotel  or  a  tavern,  or  any 
spoiled  meats  or  spoiled  fish,  or  any  putrid  animal  substance,  or  the 
contents,  of  any  privy  vault,  upon  or  into  any  river,  creek,  or  other 
stream  within  this  State,  or  upon  the  surface  of  any  road,  street,  alley, 
city  lot,  public  ground,  market  space,  or  common,  or  on  the  surface 
within  one  hundred  feet  of  an}'  public  road. 

III.  A  justice  of  the  peace  shall  have  jurisdiction  of  any  offence 
against  the  provisions  of  this  act,  committed  within  his  county.  Any 
such  offence  shall  be  punished  b}'  a  fine  of  not  less  than  five  or  mo:  e 
than  fifty  dollars,  and  the  proceedings  in  the  case,  as  well  as  in  all 
other  cases  under  this  act,  shall  be  in  conformit}^  with  sections  221  to 
230,  inclusive,  or  chapter  50  of  the*  Code  of  West  Virginia,  which  sec- 
tion§  are  hereby  made  applicable  to  such  eases,  l^pon  a  conviction 
for  any  such  offence  the  accused  must  bury  at  least  three  feet  under 
the  ground,  or  destroy  by  fire,  any  of  the  tilings  named  in  the  first 
section  which  he  has  placed  in  any  of  the  waters  or  places  named  in 
such  section,  "or  which  he  has  knowingly  permitted  to  remain  upon  a 
city  lot,  public  ground,  market  space,  or  common,  contrary  to  the 
provisions  of  the  second  section,  within  twenty-four  hours  after  such 
conviction,  and  if  he  shall  fail  to  do  so,  the  justi(*e  shall  further  fine 
him  not  less  than  ten  nor  more  than  fifty  dollars.     (Acts  1887,  ch.  25.) 
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SRC.  4S0S.  Poisoning  sprinys. — Whoever  imisoas  any  spring,  iwli, 
oiHt«ni,  or  reservoir  of  wat^r  with  iiit<>iit  to  iiijnre  or  kill  auy  hnnwn 
being,  shall  be  imprisoned  in  the  penitentiary  not  morp  than  fourWen 
years. 

Sec.  5114.  Putting  offensive  substances  in  creek  or  hightvay  declatd 
a  nuisance. — If  any  person  or  persons,  association  of  persons,  (Kin- 
pany,  or  corporation  shall  deposit,  place,  or  put,  or  cause  to  l»e  flepoa- 
Itecl,  placed,  or  put,  upon  or  inti)  any  river,  creak,  bay,  pond,  cansl, 
ditch,  lake,  stream,  railroad,  public  or  private  road,  highway,  str«el, 
alley,  lot,  field,  meadow,  public  place  or  public  ground,  common, 
market  place,  or  in  any  other  and  different  locality  in  this  Sl«w, 
where  the  same  may  become  a  aource  of  annoyance  to  any  person  o\ 
detrimental  to  the  public  health,  the  carcass  of  any  dead  animal,  oi 
the  offal  iir  refuse  matter  from  any  slaughterhouse,  butcher's  t^tab 
lishuient,  meat  marliet,  pai.-kiiig  liouse.  linh  iiouse,  Imgpen,  stable,  o 
any  spoiled  meats,  spoiled  fish,  or  any  animal  or  veitetable  matter  i 
a  putrid  or  decayed  state,  or  liable  to  become  putrid,  decayed,  c 
offensive,  or  the  contents  of  any  privy  vault,  or  any  offensive  matt* 
or  substance  whatever,  or  shall  cause  to  be  maintained  any  priv; 
slaughterhouse,  meat  market,  or  any  other  or  different  place,  buil< 
ing,  or  establishment  that  shall  directly  or  indirectly  be  the  cause  < 
polluting  the  waters  of  any  spring,  reservoir,  stream,  lake,  or  vhU 
supply  used  wholly  or  partly  for  domestic  purposes,  or  if  the  own* 
or  owners,  tenant  or  tenants,  occupant  or  occupants  of  any  lands  < 
tenements,  dwellings,  or  places  of  business,  or  any  other  and  differer: 
places  or  localities,  whether  defined  in  this  section  or  not,  shall  kno« 
ingly  permit  any  of  the  said  offensive  matters  or  substances,  or  an 
other  and  different  offensive  matter  or  substances,  to  remain  in  iin 
of  the  aforesaid  places  or  other  and  different  places  or  localities,  c 
shall  permit  any  of  the  aforesaid  places  to  be  maintained  which  aba 
cause  the  pollution  of  any  stream,  spring,  reservoir,  lake,  or  Vati 
supply,  either  directly  or  indirectly,  in  any  locality,  place,  or  s^itu 
tion  in  this  State,  to  the  annoyance  of  the  citizens  or  residents  of  th 
State,  or  any  ol  them,  or  to  the  detriment  of  tlio  public  Jieulth,  or  wl 
shall  neglect  or  refuse  to  remove  or  abate  the  nuisance,  offence, 
inconvenience  occasioned  or  caused  thereby,  within  twenty-four  hou 
after  knowledge  of  the  existence  of  such  nuisance,  offence,  or  inco 
venience,  in  or  upon  any  of  the  above-descrilied  premises  or  plact 
or  any  other  and  different  place  or  locality,  owned  iir  occupied  ': 
him,  her,  it,  or  they",  or  after  notice  in  writing  from  the  sheriff,  depii 

<■  So  Id  urigiDa\. 
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sheriff,  or  coroner  of  any  county  in  this  State,  or  the  constable  of  any 
precinct,  or  the  marshall  or  any  of  the  policemen  of  any  city,  town, 
or  village  in  which  such  nuisance  shall  exist,  or  from  any  peace  officer 
in  this  State  of  the  locality  wherein  such  nuisance  shall  exist,  every 
such  person  so  offending  shall  be  guilty  of  a  misdemeanor,  and  upon 
conviction  thereof  shall  be  punished  by  a  fine  of  not  less  than  t.en 
dollars  nor  more  than  fifty  dollars,  and  if  such  nuisance  is  not  abated 
within  forty-eight  hours  after  the  same  is  created  or  exists  to  the 
knowledge  of  such  offender,  or  within  forty-eight  hours  after  said 
written  notice  is  given,  such  failure  to  abate  such  nuisance  shall  be 
deemed  a  second  offence  against  the  provisions  of  this  section,  and 
every  like  failure  and  neglect  to  abate  such  nuisance  of  each  twenty- 
four  hours  thereafter  shall  be  considered  an  additional  offence,  and 
shall  be  subject  to  a  like  penalty  as  is  herein  provided. 

Sec.  5115.  Abatement  of  nuisanre. — Provides  that  officer  shall 
remove  nuisance,  on  neglect  of  owners  so  to  do,  expenses  collectible 
in  civil  action. 

Sec.  5116.  Throvring  sawdust  into  streams.— \i  any  person  or  per- 
sons who  may  own,  run,  or  have  charge  of  any  sawmill  in  this  State 
shall  throw  or  permit  the  sawdust  therefrom  to  be  thrown  or  placed 
in  any  manner  into  any  river,  stream,  creek,  bay,  pond,  lake,  canal, 
ditch,  or  other  water  course  in  this  State,  such  person  or  persons  shall 
be  liable  to  a  like  penalty  as  is  provided  in  section  5114. 

CLASS  III:  STATES  V\^ITH  SEVERE  RESTRICTIONS. 

This  group  consists  of  those  States  which  have  adopted  unusual 
and  stringent  methods  to  enforce  the  right  of  their  citizens  to  unpol- 
luted natural  waters.  The  adoption  of  the  legislation  embodied  in 
the  following  i)ages  under  this  group  indicates  that  the  inhabitants 
of  the  States  in  which  these  laws  have  been  adopted  have  begun  to 
realize  the  immense  harm  which  thc^  increased  pollution  of  waters, 
owing  to  increase  of  population,  is  doing  to  jK^rsons  and  property 
within  their  borders.  It  is  noticeable  that  in  several  of  the  States 
stringent  methods  are  adopted  by  wliich  i)olliiti()n  hy  cities  can  be 
regulated  and  controlled;  while  in  at  least  one  State  (New  Jersey)  a 
system  has  been  instituted  which,  carrit'd  to  its  lojrical  conclusion, 
will  result  in  conveying  all  sewage  matter  from  cities  and  lar^e  towns 
so  far  beyond  the  borders  of  the  land  as  to  render  it,  wholly  inoffen- 
sive or  in  some  other  way  preventing  its  getting  into  any  inland 
Waters  in  an  offensive  form. 

CONNECTICUT. 

[Geneml  Statutes,  revision  of  lUOJJ,  p.  fVlH.) 

Sec.  2593.  Pollution  of  wafer  from  irliich  ice  i,s  taken. — Every  person 
who  shall  put  any  substance  into  waters  from  which  ice  is  procure<l 
fop  consumption  which  shall  defile,  pollute,  or  injure  tlv^  <\v\\\\\V5  q>1 
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Baitl  ice,  >ir  who  hIihII  llii-ow  imylliiiitr  iuto  rtncli  waters  or  apmi  tlic 
iv.e  witb  iDteiit  to  injure  the  i|iiality  of  the  we  or  olwlruct  tbe  euttinj 
or  ^iitlicrinK  of  thi«  same,  bHaII  be  diiml  not  iiion>  ttittn  thirty  dolJsni 
or  impristiiietl  not  roore  than  thirty  day».  This  section  shall  not  ntlM 
the  riglits  ut  any  Tnanufacturing  cstAhlishmnnl  now  existing  or  here- 
after estaiilished  to  use  any  wat«rM  in  carrying  on  its  biiflines-s. 

SK(1,  25SI4,  Polluiion  (\f  waters. — Kvery  person  who  shall  put  or  \pit\t 
a  dea<l  animal  or  oarcass  in  a  pond,  spring,  or  reservoir  the  n-uli-r  nt 
which  is  convoyed  t/o  any  building,  or  who  shall  wilfully  put  and  li«vt 
in  any  of  tht!  waters  of  this  StJite  a  dead  animal,  shall  be  fine*!  ii« 
more  than  fifty  dollars  or  imprisoned  not  more  than  thirty  days. 

SBC.  3otl5.  PennUy  fw  polluting  driiikh)!/  water. — Every  person  nhu 
shall  put  anything  into  a  well,  spring,  fountain,  or  cistern,  orothtr 
place  fnnn  which  water  is  pi-ocured  for  drinking  or  other  piirpwes, 
with  the  int4»nt  to  injure  tlie  <iu«lity  of  said  water,  shall  be  fined  iwt 
more  than  five  hundred  dollai's  or  imprisoned  not  more  than  hi 
months. 

Sec.  259tt.  Analysui  of  water. — Town,  borough,  and  city  health  offi- 
cers shall,  when  in  their  .judgment  health  is  mena^'e*!  or  impairri 
tliroiigh  a  water  supply,  Koml.  sntijpct  to  t!io  api>i-ov;il  of  tliv  O'liiniv 
hcnllh  -mcei-,  suiiipl.-s'nf  .-in.-li  waliT  t^.  tli.-  Sliit..  l.o;inl  .,r  li-iilOi  kt 
examination  and  analysis,  and  the  expense  of  snch  examination  aDd 
analysis  shall  be  paid  out  of  the  funds  appropriated  to  said  board  M 
investigate  the  pollution  of  streams. 

Sec.  2598.  Location  of  cemeteries. — No  cemetery  or  place  of  sepu^ 
ture  shall  hereaft^^r  be  located  or  established  within  one-half  n-.ileo 
any  reservoir  from  which  the  inhabitaut.s  of  a  town,  city,  or  borougl 
are  supplied  with  water;  nor  shall  such  reservoir  be  located  or  estali 
lished  within  one-half  mile  of  a  cemetery  or  place  of  sepulture  unlef 
the  superior  court  of  the  county  wherein  such  cemetery  or  placet 
sepulture  or  reservoir  is  loeati'd  shall,  upon  application  or  notice  fin 
that  such  cemetery  or  place  of  sepulture  or  such  reservoir  so  propose 
to  be  loca  ed  is  of  public  convenience  and  necessity  and  will  not  I 
detrimental  to  the  public  health. 

Sec.  SCflL'.  Pollution  of  reservoirs — Penally. — No  person,  after  notit 
shall  have  been  posted  that  any  reservoir,  or  any  lake,  pond,  or  sti-eai 
tributary  thereto,  is  used  for  supplying  the  inhabitants  of  a  towi 
city,  or  borough  with  water,  shall  wash  any  animal,  clothing,  or  otln 
article  therein.  No  person  shall  throw  any  noxious  or  harmfnl  sul 
stance  into  such  reservoir,  lake,  pond,  or  stream,  nor  shall  any  pe 
son,  after  receipt  of  written  notice  from  any  county  or  town  heall 
officer  having  jurisdiction  that  the  same  is  detrimental  to  such  wat< 
supply,  suffer  any  sueli  substance  to  be  placed  upon  laud  ownei 
occupied,  or  controlled  by  him,  so  that  the  same  may  be  carried  I 
rains  or  freshets  into  the  water  of  such  reservoir,  lake,  pond,  streaii 
or  drain,  or  allow  to  be  drained  any  sewage  from  said  land  into  sue 
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ter.  Every  person  who  shall  violate  any  provision  of  this  section 
ill  be  fined  not  more  than  one  hundred  dollars  or  imprisoned  not 
ire  than  thirty  days,  or  both. 

5ec.  2603.  Appointment  of  special  police. — The  governor  may,  upon 
'  application  of  such  town,  borough,  city,  or  company,  commission 
ring  his  pleasure  one  or  more  persons  who,  having  been  sworn, 
ly  act  as  policemen  for  the  purpose  of  preventing  and  abating 
isances  and  protecting  such  water  supply  from  contamination. 
eh  policemen  shall  arrest  without  previous  complaint  and  warrant 
y  person  for  any  offense  under  the  provisions  of  any  law  for  the 
)tection  of  water  supplies  when  the  offender  shall  be  taken  or 
prehended  in  the  act  or  on  the  speedy  information  of  others,  and 
persons  so  arrested  shall  he  immediately  presented  before  proper 
tho^itJ^  Every  such  policeman  shall,  when  on  duty,  wear  in  plain 
^w  a  shield  bearing  the  words  "Special  police"  and  the  name  of 
B  town,  city,  borough,  or  company  for  which  he  is  commissioned. 

• 

[Acts  of  190B,  chap.  IflS,  p.  14M.] 

AN  ACT  concemiDg  injunctions. 

Beit  enacted  by  the  senate  and  house  of  representatives  in  general 
sembly  convened. 

Section  1.  Section  2599' of  the  General  Statutes  is  hereby  amended 
read  as  follows:  Whenever  any  land  or  building  is  so  used,  occu- 
B(l  or  suffered  to  remain,  that  it  is  a  source  of  injury  to  the  water 
)red  in  a  reservoir  used  for  supplying  a  town,  city,  or  borough  with 
iter,  or  to  any  source  of  supply  to  such  reservoir,  or  when  such 
iter  is  liable  to  pollution  in  consequence  of  the  use  of  the  same, 
^her  the  authorities  of  such  town,  city,  or  borough,  or  the  company 
kving  charge  of  said  water,  may  apply  to  the  superior  court,  or  any 
dge  thereof  in  vacation,  in  the  county  in  which  said  town,  city, 
•rough,  or  company  is  located,  for  relief;  and  said  court  or  judge 
4y  order  the  removal  of  any  building,  enjoin  any  use  or  occupation 
any  land  or  building  or  of  said  water  which  is  detrimental  to  said 
iter,  or  make  an}'^  other  order,  temporary  or  permanent,  which  in 
I  or  his  judgment  may  be  necessary  to  preserve  the  purity  of  said 
Iter.  Said  .town,  city,  borough  or  company  may,  by  its  officers  or 
ents,  duly  appointed  for  such  purpose,  at  all  reasonable  times  enter 
>on  and  inspect  any  premises  within  the  watershed  tributary  to  such 
^ter  supply,  and  in  case  any  nuisance  shall  be  found  thereon  which 
llutes  or  is  likely  to  pollute  such  water,  may  abate  such  nuisance 
its  own  expense  after  reasonable  notice  to  the  owner  or  occupant 
said  premises  and  upon  his  neglect  or  refusal  to  abate  the  same; 
t  such  town,  city,  borough,  or  company  shall  be  liable  for  all  unnec- 
iary  or  unreasonable  damage  done  to  said  premises. 
tec.  2.  Section  2600  of  the  General  Statutes  is  hereby  amended  to 
kd  as  follows;  Any  city,  town,  borough,  or  coTpoxaWoTi  wo^>txOTVL^^ 
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by  law  to  supply  the  iiiliabilants  of  any  city,  lown,  or  borouBhwilh 
pun;  water  for  public  or  doineslio  uso  may  take  and  use  such  ]aait, 
spriugs,  streHins,  or  ponds,  or  such  rights  or  interests  therein  ae  the 
superior  court  or  any  judge  thereof  in  vacation  may,  on  application, 
deem  ntucossMirj'  for  th»<  purposes  of  such  supply.  For  the  puriMseot 
preserving  tho  purity  of  such  water  and  preventinir  any  contamiiui- 
tion  thereof,  such  city,  town,  b<»rough,  or  corporation  maj'  take  i^aeh 
lands  or  rights  as  the  superior  court  or  any  judge  thereof  in  vaealiim 
may,  on  application,  deem  necessary  therefor.  Compensation  simll 
be  made  to  all  persons  entitled  thereto  in  the  manner  pra\-idtd  by 
section  3601. 

Sec.  3.  Section  2601  of  the  General  Statutes  is  hereby  ainenricU  lii 
read  as  follows:  In  all  eases  where  the  law  requires  conipemutlion  In 
b«  mado  to  any  jMrson  whose  rights,  interests,  or  projwrty  are  injuri- 
ously affected  by  said  orders,  such  court  or  judge  shall  ap|x)tnt  a  pom- 
mittee  of  three  disinterested  freeholders  of  the  county  who  wtisll 
determine  and  awani  tho  amount  to  be  paid  by  suuh  autboritiea  befow 
such  order  is  carried  into  effect. 

Approved  Juno  18,  UM'S. 


Sec.  112.  Supervision  of  inland  wat-ers. — The  State  board  of  health 
shall  have  the  general  oversight  and  care  of  all  inland  waters  and  of 
all  streams  and  ponds  used  by  any  city,  town,  or  public  institution, 
or  by  any  water  or  ice  company,  iu  this  Commonwealth  as  sources  of 
water  supply,  and  of  all  springs,  streams,  and  water  courses  tribu- 
tary thereto.  It  shall  be  provided  with  maps,  plans,  and  documenttt 
suitable  for  such  purposes  and  shall  keep  records  of  all  its  transat- 
tions  relative  thereto. 
■  Sec.  )13.  Examinafioti  of  water  supplji. — .Said  board  may  cauw 
examinations  of  such  waters  to  be  made  to  ascertain  their  purity  and 
fitness  for  domestic  use  or  their  liability  to  impair  the  interests  of  the 
public  or  of  persons  lawlully  using  them  or  to  impair  tho  public 
health.  It  may  make  rules  and  regulations  to  prevent  the  pollution 
and  to  secure  the  sanitary  protection  of  all  such  waters  as  are  used 
as  sourees  of  wafer  supply. 

SEC.  1 14.  Efferi  of  publication  of  no/ice.— The  publication  of  an 
order,  rule,  or  regulation  made  by  the  board  under  the  provisions  of 
the  preceding  section,  or  section  one  hundred  anil  eighteen,  in  a  news- 
paper of  the  city  or  town  in  which  such  order,  rule,  or  regulation  is 
to  take  effect,  or,  if  no  newspaper  is  published  in  such  city  or  town, 
the  posting  of  a  copy  of  such  order,  rule,  or  resrulntion  in  a  public 
place  in  such  c'* ^-'wn,  shall  bo  legal  notice  to  all  persons,  and  an 
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&davit  of  such  publication  or  posting  by  the  person  causing  such 
)tice  to  be  published  or  posted,  filed  and  recorded  with  a  copy  of  the 
)tice  in  the  office  of  the  clerk  of  such  city  or  town,  shall  be  admitted 
I  evidence  of  the  time  at  which,  and  the  place  and  manner  in  which, 
le  notice  was  given. 

Sec.  115.  Report  and  recommendations, — Said  board  shall  annually, 
1  or  before  the  tenth  day  of  Januar}^  make  a  report  to  the  general 
>urt  of  its  doings  for  the  preceding  year,  recommend  measures  for 
le  prevention  of  the  jwUution  of  such  waters,  and  for  the  removal  of 
)lluting  substances  in  order  to  protect  and  develop  the  rights  and 
roperty  of  the  Commonwealth  therein  and  to  protect  the  public 
^alth,  and  recommend  any  legislation  or  plans  for  systems  of  main 
^wers  necessary  for  the  preservation  of  the  public  health  and  for  the 
arification  and  prevention  of  pollution  of  the  ponds,  streams,  and 
iland  waters  of  the  Commonwealth.  It  shall  also  give  notice  to  the 
ttorney-general  of  any  violation  of  law  relative  to  the  pollution  of 
ater  supplies  and  inland  waters. 

Sec.  116.  Agents  and  assistants. — Said  board  may  appoint,  employ, 
nd  fix  the  compensation  of  such  agents,  clerks,  servants,  engineers, 
nd  expert  assistants  as  it  considers  necessary.  Such  agents  and 
ervants  shall  cause  the  provisions  of  law  relative  to  the  pollution  of 
^ater  supply  and  of  the  rules  and  regulations  of  said  board  to  be 
nforced. 

Sec.  117.  Advice  a^  to  methods, — Said  board  shall  consult  with  and 
idvise  the  authorities  of  cities  and  towns  and  persons  having,  or  about 
o  have,  systems  of  water  supply,  drainage,  or  sewerage  as  to  the  most 
appropriate  source  of  water  supply,  and  the  best  method  of  assuring 
ts  purity  or  as  to  the  best  method  of  disposing  of  their  drainage  or 
lewage  with  reference  to  the  existing  and  future  needs  of  other  cities, 
iowns,  or  persons  which  may  be  affected  thereby.  It  shall  also  con- 
mlt  with  and  advise  persons  engaged  or  intending  to  engage  in  any 
Manufacturing  or  other  business  whose  drainage  or  sewage  may  tend 
0  pollute  any  inland  water  as  to  the  best  method  of  preventing  such 
)ollution,  and  it  maj'  conduct  experiments  to  determine  the  best 
lethods  of  the  purification  or  disposal  of  drainage  or  sewage.  No 
>er8on  shall  be  required  to  l>ear  the  expense  of  such  consultation, 
dvice,  or  experiments.  Cities,  towns,  and  pei'sons  shall  submit  to 
aid  board,  for  its  advice,  their  proposed  system  of  water  supply  or  of 
he  disposal  of  drainage  or  sewage,  and  all  petitions  to  the  general 
ourt  for  authority  to- introduce  a  system  of  water  supply,  drainage, 
f  sewerage  shall  be  accompanied  by  a  copy  of  the  recommendation 
nd  advice  of  said  board  thereon.  In  this  section  the  term  *'drain- 
ge"  means  rainfall,  surface  and  subsoil  water  only,  and  *' sewage" 
leans  domestic  and  manufacturing  filth  and  refuse. 

Sec.  118.  Removal  of  causers  of  pollallon. — Upon  petitioiv  tA  ^'wA 
oard  hy  the  mayor  of  a  city  or  the  selectmen  oi  a  tiO'WTx^  \X\ft  Tsx-euv^^a^- 
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iiig  board  ov  officer  of  any  public  institiitiou,  or  by  a  board  of  whUt 
oommisfiioiiei'H,  or  the  president  of  a  water  or  ice  company,  sUitiDg 
that  manure,  excru intent.,  garbage,  sewage,  or  any  otJier  matter  pol- 
lutes or  tendH  tii  pollute  the  watora  of  any  stream,  pond,  sprng,  or 
watercourse  used  by  audi  city,  town,  institution,  or  company  utm 
source  of  water  supply,  Ihe  Iraard  shall  appoint  a  time  and  [ilace 
within  the  county  where  the  nuisance  or  pollution  is  alleged  To  exiKi. 
for  a  hearing,  and  aft<>F  notice  thereof  to  parties  interested  anil  » 
hearing,  if  in  its  judgment  the  public  health  so  i-equires,  shall  by  irn 
order  served  uihiu  the  party  causing  or  permitting  such  pollution, 
prohibit  the  deposit,  keeping,  or  discharge  of  any  such  cause  of  pol 
lution,  and  shall  order  him  to  desist  therefrom  aud  to  remove  anj 
such  eause  of  pollution;  but  the  boanl  shall  not  prohibit  the  cullivft 
Hon  and  use  of  the  soil  in  the  ordinary  methods  of  agriculture  if  n* 
human  escrement  is  used  thereon.  Said  board  shall  not  prohibit  lh< 
use  of  any  stnictui-e  which  wjis  in  existence  on  the  eleventli  dayo 
Jnne,  in  the  year  eighteen  huuiiretl  and  ninety-seven,  upon  a  com 
plaint  made  by  tlie  board  of  water  commissioners  of  any  city  or  Ijjwi 
or  by  any  water  or  ice  company  unless  such  board  of  water  commit 
sioners  or  company  files  with  tlie  State  board  a  votenf  its  city  council 
aelectmen,  or  company,  respectively,  that  such  city,  town,  or  compan; 
will,  at  it«  own  expense,  make  such  changes  in  said  structure^  writ 
location  as  said  board  shall  deem  expedient.  Such  vote  shall  be  bind 
ing  on  such  city,  town,  or  company.  All  damages  caused  by  suci 
changes  shall  be  paid  by  such  city,  town,  or  company;  and  if  the  p&r 
ties  can  not  agree  thereon,  the  damages  shall,  on  petition  of  eithc 
party,  filed  within  one  year  after  such  changes  are  made,  be  assesses 
by  a  jury  in  the  superior  court  for  the  county  where  the  structure  i: 
located. 

Sec.  119.  Appeal  from  or(Z#r. ^Whoever  is  aggrieved  by  an  ordei 
passed  tinder  the  provisions  of  the  preceding  section  may  appea 
therefrom  in  the  nianucr  provided  in  sections  S5  and  t'7,  but  sur! 
notice  as  the  court  shall  order  shall  also  be  given  to  the  board  ol 
water  commissioners  and  mayor  of  the  city  or  chairmen  of  the  select- 
men of  the  town  or  president  or  other  officer  of  the  water  or  ice  emi- 
pany  interested  in  such  order.  While  the  appeal  is  pending  the  ordcT 
of  the  l>oard  shall  be  complied  with,  unless  otherwise  authorized  '.'.* 
the  boai-d. 

Sec.  120.  Enforcement  of  Jo u: — The  supreme  judicial  conrt  orth* 
sui>erior  court  shall  have  juri.sdiction  in  equity,  upon  the  applicatit" 
of  the  State  board  of  hejilth  or  of  any  party  interested,  to  enfoi-ce  ^' 
orders  or  the  orders,  rules,  and  regnliitions  of  siiid  board  of  healtl 
and  to  restrain  the  use  or  occupation  of  the  premises  or  such  iwrti^^ 
thereof  as  said  board  may  specify,  on  which  said  material  is  deposit^ 
or  kept,  ur  such  other  cause  of  polluti<m  exists,  until  the  orders,  rule" 
and  regulations  of  said  board  liave  been  complied  with. 
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Sec.  121.  Entry  on  premises. — ^The  agents  and  servants  of  said 
board  may  enter  any  building,  structure,  or  premises  for  the  purpose 
of  ascertaining  whether  sources  of  pollution  or  danger  to  the  wat«r 
supply  there  exist,  and  whether  the  rules,  regulations,  and  orders 
aforesaid  are  obeyed.  Their  comi)en8ation  for  services  rendered  in 
oonnection  with  proceedings  under  the  provisions  of  section  118  shall 
be  fixed  by  the  board  and  shall  in  the  first  instance  be  "^id.  by  the 
Commonwealth ;  but  the  whole  amount  so  paid  shall,  at^the  end  of  each 
year,  be  justly  and  equitably  apportioned  by  the  tax  commissioner 
between  such  cities,  towns,  or  companies  as,  during  said  year,  have 
instituted  said  proceedings,  and  may  be  recovered  in  an  action  by  the 
treasurer  and  receiver-general,  with  interest  from  the  date  of  the 
demand. 

Sec.  122.  PenaUies. — Whoever  violates  any  rule,  regulation,  or 
order  made  under  the  provisions  of  section  113  or  section  118  shall  be 
punished  for  each  offence  by  a  fine  of  not  more  than  five  hundred 
dollars,  to  the  use  of  the  Commonwealth,  or  by  imprisonment  for  not 
more  than  one  year,  or  by  both  such  fine  and  imprisonment. 

Sec.  123.  Application  of  preceding  sections, — The  provisions  of  the 
eleven  preceding  sections  shall  not  apply  to  the  Merrimac  or  Connec- 
ticnt  rivers,  nor  to  so  much  of  the  Concord  River  as  lies  within  the 
limits  of  the  city  of  Lowell,  nor  to  springs,  streams,  ponds,^  or  water 
courses  over  which  the  metropolitan  water  board  has  control. 

Sec.  124.  Sources  of  water  supply — as  to, — No  sewage,  drainage, 
Infuse,  or  polluting  matter  of  such  kind  and  amount  as  either  by 
itself  or  in  connection  with  other  matter  will  corrupt  or  impair  the 
quality  of  the  water  of  any  pond  or  stream  used  as  a  source  of  ice  or 
water  supply  by  a  city,  town,  public  institution,  or  water  company 
for  domestic  use,  or  render  it  injurious  to  health,  and  no  human 
excrement  shall  be  discharged  into  any  such  stream  or  pond,  or  upon 
their  banks  if  any  filter  basin  so  used  is  there  situated,  or  into  any 
feeders  of  such  pond  or  stream  within  twentj'^  miles  above  the  point 
where  such  supply  is  taken. 

Sec.  125. — Prescriptive  rights  unaffected — applicationlimit^d, — The 
provisions  of  the  preceding  section  shall  not  destroy  or  impair  rights 
*c<iuired  by  legislative  grant  prior  to  the  first  day  of  July  in  the  year 
1H78,  or  destroy  or  impair  prescriptive  rights  of  drainage  or  discharge, 
^o  the  ext-ent  to  which  they  lawfully  existed  on  that  date;  nor  shall 
^t  be  applicable  to  the  Merrimac  or  Connecticut  rivers,  or  to  so  much 
^t  the  Concord  River  as  lies  within  the  limits  of  the  city  of  Lowell. 

Sec.  126.  Injunction  against  pollution  of  irater  siqyply.— The 
^tipreme  judicial  court  or  the  superior  court,  upon  application  of  the 
**Xayor  of  a  city,  the  selectmen  of  a  town,  managing  board  or  officer  of 
^  public  institution,  or  a  water  or  ice  company  interested,  shall  have 
•i^risdiction  in  equity  to  enjoin  the  violation  of  the  provisions  of 
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Sec.  127.  PeitaJty  for  corrupting  spring,  etc. — Whoever  willfuilj 
and  malieiously  defiles  or  corrupts  any  spring  op  other  soarc«  of 
water,  or  reservoir,  or  destroys  or  injures  any  pipe,  conductor  nt 
water,  or  other  property  pertain  ing  to  an  aquednct,  or  aids  or  abels 
in  any  such  trospasa,  shall  be  punished  by  a  fine  of  not  more  than 
one  thousand  dollars,  or  by  imprisonment  for  not  more  than  oufi  year. 

SKC,   128.    PenaUij  for  rorrupfing  sources  of  wafer  sup}^y.^\\'h(h 

(ever  willfully  iJepoNits  excrement  or  foul  or  decaying  matter  in  water 
whieh  i«  used  (or  the  purpose  oC  ilumestic  water  supply,  or  upon  the 
_■  shore  thereof  within  five  rods  of  the  water,  shall  be  punished  bva 
fine  of  not  more  tlian  fifty  dollars  or  by  imprisonment  for  not  more 
than  thirty  days;  and  a  imlice  oiEeer  or  conslable  of  a  city  or  town  in 
which  such  water  is  wholly  or  partly  situated,  acting  within  the  limits 
of  his  city  or  town,  and  any  executive  officer  or  agent  of  a  waWr 
board,  board  of  water  commissioners,  public  institution,  or  wuter 
company  furnishing  water  or  ice  for  domestic  purposes,  a<'ting  ujMin 
the  premises  of  such  board,  institution,  or  company,  and  not  more 
than  five  r<»ds  from  the  wat«r,  may  without  a  warrant  arrest  any 
person  found  in  the  act  of  violating  the  provisions  of  this  sectiou  anil 
detain  him  until  a  complaint  cau  be  made  against  him  therefor.  Hat 
the  provisions  of  this  section  shnll  not  interfere  with  the  sewagi-  of  s 
city,  town,  or  pulitic  institution,  or  prevent  the  enriching  of  land  fur 
agricultural  purposiis  by  tlie  owner  or  occupant  thereof. 

Sec.  129.  PenaJf  ij  for  bathing  in  public  ponds.— VfhoevBT  bathes  in 
a  pond,  stream,  or  reservoir  the  water  of  which  is  used  for  the  pur- 
pose of  domestic  water  supply  for  a  city  or  town,  shall  he  punished 
by  a  fine  of  not  more  than  ten  dollars. 

Sec.  130,  Peimliy  for  driving  on  ice  of  j>ond  used  for  water  supply.— 
Whoever,  not  being  engaged  in  cutting  or  harvesting-  ice,  or  in  hauling 
logs,  wood,  or  lumber,  drives  any  animal  on  the  ice  of  a  pond  or 
stream  which  is  used  for  the  purpose  of  domestic  water  supply  for  a 
city  or  town  shall  be  punished  by  a  fine  of  not  more  than  fifty  dollars 
or  by  imprisonment  for  not  more  than  thirty  days. 

Note. — Sections  05  and  97,  referred  to  in  section  119,  provide  for 
an  appeal  to  the  8ui)erior  court  of  the  county  and  a  jury  trial.  The 
verdict  may  alter,  afllrra,  or  annul  the  order,  and  shall  be  returueti 
to  the  court  for  acceptance,  and,  it  accepted,  shall  have  the  authoril; 
and  effect  of  a  valid  order  of  the  board. 

MINNESOTA. 

[General  Statutes,  p.  19).] 

Sec.  430.  PoUtUion  of  sourcen  of  water  supply  forbidden.— "So  sew- 
age, drainage,  or  refuse,  or  polluting  matter  of  such  kind  as,  eitb" 
by  itself  or  in  connection  with  other  matter,  will  corrupt  or  impair  tne 
quality  of  the  water  of  any  spring,  well,  pond,  lake,  stream,  or  ri*®' 
for  domestic  use,  or  render  it  injurious  to  health,  and  no  homaa  **' 
animal  excrement  shall  be  placed  iu  or  dvaeUatgad  iuto,  or  placed  ** 
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sposited  upon  the  ice  of  any  pond,  lake,  stream,  or  river  used  as  a 
>urce  of  water  supply  by  any  town,  village,  or  city;  nor  shall  any 
ich  sewage,  drainage,  refuse,  or  polluting  matter  or  excrement  be 
laced  upon  the  banks  of  any  such  pond,  lake,  stream,  or  river  within 
ve  miles  above  the  point  where  such  supply  is  taken,  or  into  any 
(eders  or  the  banks  thereof,  of  any  such  pond,  lake,  stream,  or  river: 
rorvidedy  nothing  in  this  section  contained  shall  apply  to  Lake  Supe- 
or.    (1885.     Chap.  225,  sec.  1.) 

Sec.  431 .  Supervision  of  sources  of  water  supply — irrocedure  in  cases 
fpoUuiion, — The  State  board  of  health  shall  have  the  general  super- 
ision  of  all  springs,  wells,  ponds,  lakes,  streams,  or  rivers  used  by 
ny  town,  village,  or  city  as  a  source  of  water  supply,  with  reference 
)  their  purity,  together  with  the  waters  feeding  the  same,  and  shall 
xamine  the  same  from  time  t/O  time,  and  inquire  what,  if  any,  poUu- 
ion  exists  and  their  causes.  In  case  of  a  violation  of  any  of  the  pro- 
isions  of  section  one  of  this  act  (sec.  430)  said  board  may  appoint  a 
ime  and  place  for  hearing  parties  to  be  affected,  and  shall  give  due 
otice  thereof,  as  hereinafter  provided,  to  such  parties;  and  after  such 
earing,  if  in  its  judgment  the  public  health  requires  it,  may  order 
ny  person  or  corporation,  or  municipal  corporation,  to  desist  from  the 
cts  causing  such  pollution,  and  may  direct  any  such  person  or  cor- 
oration  to  remedy  the  pollution,  or  to  cleanse  or  purify  the  polluting 
abstances  in  such  a  manner  and  to  such  a  degree  as  shall  be  directed 
y  said  board,  before  being  cast  or  allowed  to  flow  into  the  waters 
liereby  polluted,  or  placed  or  deposited  upon  the  ice  or  banks  of  any 
f  the  bodies  of  water  in  the  first  section  of  this  act  mentioned.  Upon 
he  application  of  the  proper  officers  of  any  town,  village,  or  city,  or 
f  uot  less  than  ten  legal  voters  of  any  such  town,  village,  or  city,  to 
aid  State  board,  alleging  the  pollution  of  the  water  supply  of  any 
uch  town,  village,  or  city  by  the  violation  of  any  of  the  provisions 
f  this  act,  said  State  board  shall  investigate  the  alleged  pollution, 
nd  shall  appoint  a  time  and  place  when  and  where  it  will  hear  and 
xamine  the  matter,  and  shall  give  notice  of  such  hearing  and  exami- 
ation  to  the  complainant,  and  also  to  the  pei^son  or  corporation  or 
lunicipal  corporation  alleged  to  have  caused  such  pollution,  and 
Uch  notice  shall  be  served  not  less  than  ten  days  prior  to  the  time  so 
ppointed,  and  shall  be  served  in  the  same  manner  that  now  is  or 
ereafter  may  be  by  law  provided  for  the  service  of  a  summons  in  a 
ivil  action  in  the  district  court.  Said  board,  if  in  its  judgment  any 
'f  the  provisions  of  this  act  have  been  violated,  shall  issue  the  order 
T  orders  already  mentioned  in  this  section.    (1885.    Chap.  225,  sec.  2.) 

NEW   HAMPSHIRE. 

^Idic  statutes  of  New  Hampshire  and  ^neral  laws  in  force  Jan.  1, 19U1,  p.  SIT,  chap.  U)8.    ( Wm. 

M.  and  Arthur  H.  Chase.)] 

Section  13,  entitled  **The  prevention  and  removal  of  nuisances^"  \9» 
^follows:  ^^Jf  a  person  shall  place,  leave,  or  cause  tjobe^'^Yaie.^  c>^\<6lV 
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in  or  near  a  lake,  pond,  reservoir,  or  stream  tributary  thereto,  from 
which  the  water  supply  for  domestic  purposes  of  a  city,  town,  or  vil- 
lage is  taken,  in  whole  or  in  part,  any  substance  or  fluid  that  may 
cause  the  water  thereof  to  become  impure  or  unfit  for  such  purposes, 
he  shall  be  fined  not  exceeding  twenty  dollars  or  be  imprisoned  not 
exceeding  thirty  days,  or  both." 

Sec.  14.  The  board  of  health  of  the  town  or  the  water  commissioners 
having  charge  of  the  water  supply  or  the  proprietors  thereof  may 
remove  such  substance  or  fiuid,  and  they  may  recover  the  expense  of 
removal  from  the  person  who  placed  the  same  or  caused  it  to  be 
placed  in  or  near  the  water  as  aforesaid  in  an  action  on  the  case. 

[LawH  of  1895,  chap.  76,  p.  4tSS.] 

AN  ACT  to  protect  waters  used  for  domestic  purposes. 

Be  it  enacted  by  the  senate  and  hoiiae  of  represetiUdives  in  generd 
court  convened: 

Section  1.  Whoever  knowingly  and  wilfully  poisons,  defiles,  pol- 
lutes, or  in  any  way  corrupts  the  waters  or  ice  of  any  well,  spring, 
brook,  lake,  pond,  river,  or  reservoir  used  as  the  source  of  a  public 
water  or  ice  supply  for  domestic  purposes,  or  knowingly  corrupts  the 
sources  of  the  water  of  any  water  company  or  of  any  city  or  town  sup- 
plying its  inhabitants  with  water,  or  the  tributaries  of  said  sources  of 
supply,  in  such  a  manner  as  to  affect  the  purity  of  the  water  or  iceN) 
supplied  at  the  point  where  the  water  or  ice  is  taken  for  such  domes- 
tic use,  or  puis  the  carcass  of  any  dead  animal  or  other  offensive 
material  into  said  waters  or  upon  the  ice  thereof,  shall  be  punished 
by  a  liue  not  exceeding  one  thousand  dollars  or  by  imprisonment  not 
exceeding  one  year.  The  provisions  of  this  section  shall  not  apply  to 
the  deposit  of  any  bark,  sawdust,  or  any  other  waste  of  any  kind 
arising  from  the  business  of  cutting,  hauling,  driving,  or  storing  logs, 
or  the  manufacture  of  lumber;  and  the  use  of  any  stream  for  the 
purposes  of  manufacturing  and  for  the  necessary  drainage  connected 
therewith,  if  more  than  four  miles  distant  from  the  point  where  the 
water  is  taken  for  such  domestic  purposes,  shall  not  be  deemed  a  vio- 
lation of  this  section. 

Sec.  2.  No  person  shall  cut  or  take  ice  from  any  lake,  pond,  or  res- 
ervoir used  as  the  source  of  a  public  water  or  ice  supply  for  domestic 
purposes  for  man,  unless  he  first  shall  comply  in  all  respects  with 
such  reasonable  rules  and  regulations  in  regard  to  the  manner  and 
place  of  cutting  and  taking  such  ice  on  said  lake,  pond,  or  reservoir 
as  may  be  prescribed  by  the  local  board  of  control  or  officers  of » 
water  company  who  may  have  charge  of  the  works  of  any  city  or  town 
supplying  its  inhabitants  with  water  from  said  lake,  pond,  or  reser- 
voir. The  supreme  court  shall  have  power  to  issue  injunctions 
restraining  any  person  from  cutting  or  taking  ice  from  such  lakes, 
panda,  or  2-eservoirs  until  they  \vav^  Q,om^\\^(V  ^ith.  the  reasonable 
regulations  made  as  aforesaid. 
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Sbc.  f3.  Said  looal  boardB  and  officers  may  also  make  all  reasonable 
lies  and  legolations  in  regard  to  fishing  and  the  nse  of  boats  in  and 
pon  any  sneh  lake,  pond,  or  reservoir,  and  in  regard  to  racing  or 
leeding  horses  npon  the  ice  thereof,  which  they  may  deem  expedient, 
.ny  person  who  shall  violate  any  of  said  rules  and  regulations  after 
otioe  thereof  shall  be  fined  not  exceeding  twenty  dollars,  or  Impris- 
aed  not  exceeding  six  months. 

Ssc.  4.  If  any  person  shall  bathe  in  such  lake,  pond,  or  reservoir 
ithin  one-fonrth  mile  of  the  point  where  said  water  is  taken,  he 
hall  be  fined  not  exceeding  twenty  dollars,  or  imprisoned  not  exceed- 
Qg  six  months. 

Sbc.  5.  Whoever  shall  wilfully  injure  any  of  the  property  of  any 
mter  company  or  of  any  city  or  town,  used  by  it  in  supplying  water 

0  its  inhabitants,  shall  be  punished  by  a  fine  not  exceeding  one  thou- 
land  dollars,  or  by  imprisonment  not  exceeding  one  year;  and  such 
terson  shall  also  forfeit  and  pay  to  such  water  company,  city,  or 
own  three  times  the  amoimt  of  actual  damages  sustained,  to  be 
ecovered  in  an  action  on  the  case. 

Sec.  6.  All  acts  and  parts  of  acts  inconsistent  with  this  act  are 
ereby  repealed,  but  nothing  in  this  act  shall  be  construed  to  repeal 
ny  special  act  applying  to  cities  and  towns. 

[Laws  of  1887,  chap.  86,  p.  88.] 

SBcnoN  1.  It  shall  be  the  duty  of  boards  of  health  of  the  cities  and 
)wns  of  the  State  to  examine  and  inspect  the  sources  from  which  ice 

1  cut,  or  is  proposed  to  be  cut,  for  domestic  use  in  such  cities  and 
)wns,  and  to  employ  such  means  as  may  be  necessary  to  determine 
'hether  the  waters  of  such  sources  of  ice  supply  have  been  polluted, 
r  whether  ice  taken  therefrom  will  be  deleterious  to  the  public 
ealth. 

Sbc.  2.  In  each  case  where  the  waters  of  the  sources  of  ice  supplies 
hall  be  found  so  polluted  that  the  ice  taken  therefrom  will  be 
luhealthy  or  unsafe  for  domestic  use,  the  board  of  health  of  the  city 
rtown  concerned  in  the  same  shall  immediately  notify  such  person 
r  persons  as  may  have  taken,  or  who  propose  to  take  ice  from  such 
lolluted  source  for  their  own  domestic  use  or  for  sale  for  domestic 
ise,  of  the  dangerous  character  of  the  waters  inspected  and  that  the 
aiding  of  such  ice  for  domestic  use  must  cease. 

Sbc.  3.  Whoever  knowingly  or  wilfully  shall  cut  or  take  any  ice  for 
omestic  purposes  from  any  waters  which  are  polluted  with  sewage  or 
ther  substance  deleterious  or  dangerous  to  life  or  health,  or  from 
waters  which  a  board  of  health  has  condemned,  shall  be  fined  not 
xceeding  two  hundred  and  fifty  dollars  or  imprisoned  not  exceeding 
ix  months. 

[Acta  of  lim,  ch&p.  57.] 

SBcnON  1.    Whenever  any  board  of  water  commi^^^vowi^T^^  Vift»\ 
oard  of  health,  or  ten  or  more  citizens  of  any  town  ot  c\\>^  \l«»n^  x^^ 
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SOU  to  believe  th«t  a  public  water  or  ice  supply  is  lieirig  contHininaleif 
or  is  in  tlanger  of  coalauiiuation,  and  that  the  local  rt-gulatiotiH  arv 
uol.  »uftiuioiit  or  effoctive  to  prevent  such  pollution,  they  may  petition 
tho  State  IxMirii  of  health  to  investigate  the  ease  and  to  establish  siieh  i 
regulations  as  the  said  board  may  deem  necessary  for  the  protMlion 
of  the  said  supply  H);»>ii^t  ^ny  pollution  that  in  its  judfrment  would 
endanger  the  ]iublii-  health. 

Sk{'.  2.  The  State  Ixiard  of  ht-alth  shall,  after  due  investigation, 
make  sui-h  regulations  as  it  may  deem  iHist  To  protect  the  said  supply  '. 
against  any  dangerttus  iioutauiiaation,  and  the  re^ulalions  so  made 
shall  be  in  force  when  a  (Htpy  is  itied  with  the  town  clerk  and  inMtet[ 
Ju  two  or  more  public  pla<'eB  In  said  town,  or  published  in  Nouie  nnwd- 
paper  in  the  counij',  and  it  shall  be  the  duly  of  the  local  iHiard  uf 
health  to  enforce  said  regulations.  . 

Sec.  3.  Any  person  violating  any  regulation  established  by  Clif 
State  board  of  health  shall  Ik-  puuishLxl  by  a  fine  of  twenty  dollars 
for  each  offence,  and  a  certilied  copy  under  oath  of  such  regulation, 
Hiade  by  the  secretary  of  the  Slate  lioard  of  health  or  by  the  lowti 
clerk  where  the  regulations  are  fileil,  sliall  be  reoeive<i  as  prima  Cacii.- 
evidence  of  such  i-egulnliojis  in  jiny  r<iun  of  the  State. 

NEW   JSKSBY. 

(Oenenl  Rtatutee.  p.  nOB.] 

AN  ACT  to  prevent  the  pollution  of  the  waters  uf  any  of  the  creehs,  ponds.  i>r 
brooks  of  this  State.     (Approved  March  29,  1878.) 

322.  Section  I.  Thatif  any  person  or  persons  shall  throw,  cause  or 
permit  to  be  thrown,  into  the  waters  of  any  creek,  pond,  or  brook  of 
this  State,  the  waters  of  which  may  be  used  for  the  cutting  or  harvest- 
ing of  ice,  any  carcasses  of  any  dead  animal  or  any  offal  or  offensive 
matter  whatsoever,  calculated  to  render  said  waters  impure  or  ercat« 
noxious  or  offensive  smells,  or  shall  connect  any  water-closet  with  any 
sewer  or  other  means  whereby  the  contents  thereof  may  be  conveyfl 
to  and  into  any  such  creek,  jHind,  or  brook,  shall  l>e  deemed  guilty  of 
a  misdemeanor,  and  on  cimviction  thereof  shall  be  punished  by  a  fine 
not  exceeding  one  hundred  dollars,  or  imprisonment  not  exceeding 
thirty  days,  or  both. 


AN  ACT  to  enable  towns  and  townships  in  this  State  to  construct  water  work:? 
for  the  extingnlshment  of  fires  and  sapplying  the  inhabitants  thereof  with  poK> 
and  wholesome  water.     (Approved  March  B,  18B3. ) 

419.  Sec.  13.  That  if  any  person  or  persons  shall  willfully  pollute 
or  adulterate  the  waters  in  any  reservoir  erected  under  the  provisions 
of  this  act,  any  person  so  offending  shall  be  deemed  guilty  of  a  mis- 
demeanor, and  on  conviction  thereof  shall  be  punished  by  a  fine  not 
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exceeding  five  hundred  dollars,  or  by  imprisonment  at  bard  labor  not 
ereeeding  three  years,  or  both,  at  the  discretion  of  the  court  before 
^hom  such  eonvicl^on  shall  be  had. 

[Oeneral  Statates,  p.  U07.] 

Snpplemflnt  to  an  act  to  prevent  the  willful  pollation  of  waters  of  any  of  the 
creeks,  pcmds,  or  brooks  of  this  State.     CApproved  Febmary  27, 1880. ) 

Section  1.  (As  amended  by  act  passed  March  14,  1893.  General 
Statutes,  p.  1107,  sec.  311.)  That  if  any  person  or  persons  shall  throw, 
eanse,  or  permit  to  be  thrown  into  any  reservoir,  or  into  the  waters  of 
any  creek,  pond,  or  brook  of  this  State  which  rnns  through  or  along 
the  border  of  any  city,  town,  or  borengh  of  this  State,  or  the  waters  of 
which  are  used  to  snpply.any  aqueduct  or  reservoir  for  distribution 
for  public  use,  any  carcass  of  any  dead  animal,  or  any  offal  or  offen- 
siye  matter  whatsoever  calculated  to  render  said  waters  impure,  or  to 
create  noxious  or  offensive  smells,  or  shall  connect  any  water-closet 
with  any  sewer,  or  other  means  whereby  the  contents  thereof  may  be 
conveyed  to  and  into  any  such  creek,  pond,  or  brook,  or  shall  so 
deposit  or  cause  or  permit  to  be  deposited  any  such  carcass,  offal,  or 
other  offensive  matter  that  the  washing  or  waste  therefrom  shall  or 
may  be'conveyed  to  and  into  any  such  creek,  pond,  brook,  or  reser- 
voir, such  person  or  persons  shall  be  deemed  guilty  of  a  misdemeanor, 
and  on  conviction  thereof  shall  be  punished  by  a  fine  not  exceeding 
one  thousand  dollars,  or  by  imprisonment  not  exceeding  two  years,  or 
both. 

309.  Sec.  2.  That  it  shall  be  the  duty  of  the  owner  or  owners,  occu- 
pant or  occupants  of  any  land  whereon  any  such  carcass,  offal,  or 
other  offensive  matter  may  be  to  cause  the  same  to  be  buried  forth- 
with, so  that  all  portions  thereof  shall  be  covered  with  solid  earth  to 
a  depth  of  at  least  two  feet  below  the  surface  of  the  ground,  and  not 
within  a  distance  of  two  hundred  feet  from  such  creek,  pond,  or  brook 
used  as  aforesaid;  and  any  such  owner  or  occupant  who  shall  refuse 
or  neglect  for  the  space  of  two  days  to  remove  and  bury  as  aforesaid, 
or  cause  to  be  removed  and  buried,  any  such  carcass,  offal,  or  offen- 
sive matter  shall  be  deemed  guilty  of  a  misdemeanor,  and  on  convic- 
tion thereof  shall  be  punished  by  a  fine  not  exceeding  one  thousand 
dollars,  or  by  imprisonment  not  exceeding  two  years,  or  both. 

[Laws  of  18JW,  chap.  136,  p.  233.] 

AN  ACT  antborizing  the  appointment  of  commissioners  to  consider  the  subject  of 
the  pollution  of  rivers  and  streams  within  this  State,  to  proride  a  plan  for  the 
prevention  thereof,  and  for  the  relief  of  the  persons  and  projwrty  affected 
thereby,  and  to  provide  for  the  expenses  necessary  for  that  purpose. 

Be  it  enacted  by  fh^  seriate  and  (jeneral  assembly  of  the  State  of  New 
Jersey: 

1.  The  governor  of  this  State  shall  have  power  and  authority  to 
appoint  and  commission,  not  less  than  three  au\tab\ei  ^t^ow^,  eftrKv\cv\^- 
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Hinnera  In  eouBuler  the  suiijwt  of  the  pollution  of  a»y  stream  or  river 
within  this  State,  whose  tlnly  it  shall  Iw,  after  baring  duly  iiivesti- 
t;iit.e(l  t1i(>  cause,  oliarHctcr,  aad  extent  of  Huch  pollution,  if  they  sIiaII 
ilei-ni  it  neceasaiy  and  expedient,  t«  prepare  and  perft-et  a  plau  for 
tlic  prevention  thereof  and  for  the  relief  of  the  persons  anil  property 
afTfi'twl  thereby,  and  to  report  their  conclusions  and  present  their 
plan  to  the  legislature  of  this  State,  together  with  a  bill  providia;: 
therefor  and  for  the  expenses  thereof. 

i.  Such  eommis»i oners,  when  so  appointed,  shall  organize  bytlif 
selection  of  one  of  their  number  as  chainnan  and  one  to  act  as  treAt;- 
iirer,  iini]  they  are  authorized  to  select  a  clerk  and  to  employ  sncli 
other  aj^ents  and  assistants  as  may  be  necessary.  The  salary  tioA 
i-uiuponsation  of  such  commissionen^  shall  l>e  fixed  by  the  guvemor, 
and  shall  not  exct^d  one  thousand  dollars  each,  and  they  shall  have 
IKiwer  and  authority  to  fix  the  compensation  of  theii  agents  ami 
assistants. 

3.  Sucli  commissioners  are  authorized  t^i  raise  and  expend  for  the 
purposes  of  this  act  a  sum  not  exceeding  twenty-five  thousand  dollars, 
which  sum,  or  such  part  thereof  aH  may  be  required  and  lie  necessary, 
Ihey  are  hereby  authorized  to  apportion  among  the  several  local 
niunicipalilies  which  the  said  commissioners  shall  deem  to  beaffect«d 
liy  such  pollution,  in  proportion  t^)  the  population  of  such  municipali- 
ties iLs  slujwii  liytlH-  last  Sljilc  or  iiHli'iiiiil  census,  iind  tii«  siiin  nr 
sums  so  apportioned  shall  be  certified  by  the  said  commissioners  uuder 
their  hands  to  the  assessors  or  other  taxing  otiicera  of  the  said  several 
municipalities,  and  it  shall  be  the  duty  of  the  proper  taxing  officer  or 
officers  in  each  of  the  said  municipalities  to  whom  such  apportion- 
ment is  made  lo  proceed  to  have  the  same  levied  and  assessed  and 
collected  in  the  same  manner  and  at  the  .-same  time  as  other  taxes  are 
levied  and  collected  therein,  and  it  shall  be  the  duty  of  the  collector 
or  other  equivalent  officer  of  each  of  the  said  municipalities  to  pay 
over  the  said  several  sums  of  money,  when  so  levied,  assessed,  and 
collected,  to  the  said  commissioners  or  to  such  person  or  persons  as 
they  may  appoint  to  receive  the  same,  and  the  said  commissioners  are 
authorized  to  use  and  disburse  the  same  for  the  purposes  of  this  act. 

4.  The  comniissionem  appointed  under  the  authority  of  this  act 
shall  have  the  power  and  authority  lo  anlicipale  the  collection  and 
receipt  of  the  sums  of  money  hereby  authorized  to  l>e  raised  by  tax- 
ation, and  may  issue  from  time  to  time  certificates  of  indebtedness,  or 
other  obligations,  to  be  paid  from  the  funds  to  lie  raised  by  taxation 
in  the  manner  herein  provided;  and  they  are  authorized  to  use  the 
funds  received  from  the  sale  or  negotiation  of  such  certificates  or 
obligations  authorized  to  be  issued  by  this  act. 

5.  Said  commissioners  are  hereby  required,  at  any  time,  on  the 
onler  of  the  governor,  to  render  to  him  a  report  and  statement  of  their 
receipts  and  expenditures  under  the  authority  of  this  act. 


^OODMU..]      8SVXKB  8TATUTE   RBSTRIOTIONS — NEW   JEB8ET.  71 

6.  Vacancies  eaoaed  by  the  death  or  resignation  of  any  commis- 

I-  ^oner  appointed  under  the  authority  of  this  act,  or  from  other  cause, 

flhall  be  filled  by  the  goyemor,  and  the  goyemor  may  remove  any  of 

i  Hie  persons  so  appointed  and  appoint  another  commissioner  in  his 

plaoe. 

7.  This  aet  shall  take  effect  immediately. 
Approved  April  2,  1898. 

[Laws  of  1809,  chap.  41,  p.  78.] 

AN  ACT  to  aecure  the  purity  of  the  pnblic  supplies  of  potable  waters  in  this  State. 

Be  it  enaded  by  the  senate  and  general  assembly  of  the  State  of 
New  Jersey: 

1.  No  sewage,  drailiage,  domestic  or  factory  refuse,  excremental  or 
other  polluting  matter  of  any  kind  what^soever  which,  either  by  itself 
or  in  connection  with  other  matter,  will  corrupt  or  impair,  or  tend  to 
eornipt  or  impair,  the  quality  of  the  water  of  any  river,  brook,  stream, 
or  any  tributary  or  branch  thereof,  or  of  any  lake,  pond,  well,  spring, 
or  other  reservoir  from  which  is  taken,  or  may  be  taken,  any  public 
supply  of  water  for  domestic  use  in  any  city,  town,  borough,  township, 
or  other  municipality  of  this  State,  or  which  will  render,  or  tend  to 
render,  such  water  injurious  to  health,  shall  be  placed  in,  or  dis- 
charged into,  the  waters,  or  placed  or  deposited  upon  the  ice,  of  any 
such  river,  brook,  stream,  or  any  tributary  or  branch  thereof,  or  of 
any  lake,  pond,  well,  spring,  or  other  reservoir  above  the  point  from 
which  any  city,  town,  borough,  township,  or  other  municipality  shall 
or  may  obtain  its  supply  of  water  for  domestic  use,  nor  shall  any  such 
sewage,  drainage,  domestic  or  factory  refuse,  excremental  or  other 
polluting  matter  be  placed  or  suffered  to  remain  upon  the  banks  of 
any  such  river,  brook,  stream,  or  of  any  tributary  or  branch  thereof, 
or  of  any  lake,  pond,  well,  spring,  or  other  reservoir  above  the  point 
from  which  any  city,  town,  borough,  township,  or  other  municipalit}^ 
shall  or  may  obtain  its  supply  of  water  for  domestic  use  as  aforesaid ; 
and  any  person  or  persons,  or  private  or  i)ublic  corporation,  which 
shall  offend  against  any  of  the  provisions  of  this  section  shall  be 
liable  to  a  penalt}^  of  one  hundred  dollars  for  each  offense;  and  each 
week's  continuance,  after  notice  by  the  State  or  local  board  of  health 
to  abate  or  remove  the  same,  shall  constitute  a  separate  offense:  Pro- 
vufed,  however^  That  this  section  shall  not  be  held  to  apply  to  any 
city,  town,  borough,  township,  or  other  municipality  of  this  State 
which,  at  the  date  of  the  passage  of  this  act,  has  a  public  sewer  or 
system  of  sewers,  drain  or  system  of  drains,  legally  constructed  under 
municipal  or  township  authorit}',  discharging  its  drainage  or  sewage 
into  any  such  river,  brook,  stream,  lake,  pond,  well,  spring,  or  other 
reservoir:  And  provided  furfher,  That  nothing  in  this  section  con- 
tained shall  be  eonstriuMl  to  repeal,  modify,  or  otherwise  affect  any 
law  or  statute  now  conferring  upon  any  local  board  ot  \i^»\U\  \.\v^ 
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power  in-  aiitliority  to  institute  any  proceedings  in  any  court  of  tWi 
ntntf  for  the  recovery  of  any  penalty  for,  or  obtaining  any  iiijum-tiun 
a)ni>ii!^''<  the  pollution  of  miy  of  the  waters  of  this  Stat«. 

2.  Any  penalty  incurred  under  any  of  the  provisions  of  the  first  s«- 
tion  of  this  a<'t  may  l)e  reeovered,  with  eosts,  in  a  summar}'  proceed- 
ing, either  in  the  uame  of  the  hoard  of  health  of  the  Stale  of  New 
Jersey  or  in  the  name  of  the  local  boai-d  of  health  of  the  township, 
city,  borough,  town,  or  other  local  municipal  government  wilhin 
whose  juriadiction  the  penalty  may  have  been  incurrnl ;  it  shall  be 
the  duty  of  auy  health  inspector,  or  member  of  any  locjil  boani  nf 
health,  who  Bhall  kuow  or  be  informed  of  any  violation  of  any  of  the 
provisions  of  (he  first  section  of  this  act  whei-ebj'  any  i)enaUy  may 
have  been  incurred  to  miOce,  and  any  other  person  having  such  knowl- 
e<lge  may  make,  under  oath  or  aflirmatiuti,  a  complaint  against  the 
pei-ann  or  persons  ur  private  or  pu hlie corporation  incurring  such  pen- 
alty, setting  forth  the  fnatu  of  suoh  violation,  which  complaint  shall 
be  fih-d  iu  the  ofllce  of  the  clerk  of  the  district  court,  or  with  any 
Justice  of  the  peace  of  the  county  within  whitdi  the  offense  may  havi' 
bettn  committed,  or  with  any  police  justiee  or  recorder  of  the  town- 
ship, city,  or  other  municipality  within  which  any  local  board  bring- 
ing suit  shall  have  jurisdiction;  and  the  district  court,  jui«tice  of  the 
peac«.  police  justice,  or  recorder,  with  whom  any  complaint  shall  be 
filed  as  aforesaid,  setting  forth  facts  sufficient  to  show  that  the  penalty 
preserilHHl  by  the  (irst  section  of  this  act  has  l)een  incurred,  is  hereby 
iinthorizod  and  required  to  issue  process  either  in  the  nature  of  a  sum- 
mons or  warrant,  which  process,  when  in  the  nature  of  a  warrant, 
shall  be  returnable  forthwith,  and  when  in  the  nature  of  a  summons 
shall  be  i-eturnable  in  not  less  than  five  nor  more  than  fifteen  days. 
On  the  return  of  such  process,  or  at  any  time  to  which  the  trial  shall 
have  been  adjourned,  the  said  court,  justice  of  the  peace,  police  jna- 
tice,  or  recorder  shall  proceed  to  bear  the  testimony  of  witnesses  and 
the  proofs  in  the  case,  anil  t<i  determine  ;ind  give  judgment  iu  the 
matter  without  the  liliiij,'  of  auy  plwidiiitrs,  and,  if  judgment  shall  !»■ 
given  in  favor  of  the  plaintiff,  execution  shall  forthwith  issue  against 
the  goods  and  chattels  of  the  defendant  for  the  amount  of  the  penalty. 
with  costs;  and  all  judgments  so  rendered  shall  have  the  same  force 
and  effect  as  other  judgments  in  civil  actions  before  civil  courts  and 
officers,  and  may  be  docketed  in  like  manner  in  the  otHce  of  the  clerk 
of  the  court  of  common  plea^;  the  oflRcers  to  serve  and  execute  any 
process  or  execution  issued  as  aforesaid  shall  be  the  constables  of  the 
counties,  which  service  and  execution,  in  the  case  of  any  execution 
issued  out  of  the  district  court,  shall  be  made  in  the  same  manner  and 
under  the  same  liabilities  as  other  executions  issued  out  of  said  court 
are  served  and  executed ;  the  officers  to  serve  and  execute  any  proceas 
or  execution  issued  by  a  justice  of  the  peace,  police  justice,  or  recorder, 
shall  be  the  constables  of  the  county,  which  service  and  execution 
shall  be  made  in  the  same  manner  and  uoAei:  ttve  «a.\n«>  \\».\»\\.\tve8  as 
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l»ivac*ribt'd  in  caseft  of  tlie  service  (iiul  execution  of  prot-eHBt's  and  exe- 
pul.ioiis  bj'  the  act  entitled  "An  act  t-onHtituting  courts  for  the  trial 
iif  small  causes,"  ami  the  HUpplemcnts  theret<i;  all  moneys  recovered 
in  any  such  proceeding  shall  l>e  paid  to  the  plaintiff  thflrein  and 
Hpplie^l  by  sucli  plnintilf  to  any  piirx>oae  for  which  it  may  be  legally 
suthorized  to  expend  money. 

3.  The  State  board  of  health  shall  have  the  general  supervision, 
with  reference  t«  their  purity,  of  all  rivers,  brooks,  streamB,  labe^, 
ponds,  wells,  springR,  or  other  reeervoii-s  in  this  State  the  waters  of 
which  are  or  may  be  used  as  the  source  or  source.i  of  public  water 
supplies  for  domestic  Tise,  together  with  the  watei-s  feeding  the  same, 
iind  shall  have  the  authority  from  time  to  time,  as  they  de«in  neees- 
.sary  or  pnjper,  to  examine  the  same  and  to  inquire  what,  if  any,  pol- 
lutions exist  and  their  causes;  and  the  said  State  board  of  dealth,  in 
f-arrying  out  the  provisions  of  this  section,  may  from  time  to  time,  as 
they  deem  it  necessary  or  proper,  address  inquiries  in  printed  or 
written  fonn  to  any  local  board  of  health,  municipal  or  township 
authority,  corporation,  or  person  or  persons,  which  inquiries  it  shall 
l»e  t  he  duty  of  the  persons  or  paHies  addressed  to  answer  within  such 
time  an  the  said  State  boanl  of  health  may  in  such  inquiries  prescribe. 

4.  If  any  person  or  persons,  corporation  or  corporations,  city,  town, 
)>oi-ough,  township,  or  other  nmnicipatity  of  this  State,  or  any  munici- 
pal or  township  authority,  shall  violate  any  of  the  provisions  of  the 
lirst  section  of  this  act,  it  sh^ll  he  lawful  for  the  said  Slate  board  of 
health,  inst#ud  of  proceeding  in  a  summary  way  to  recover  the  pen- 
alty prescribed  in  said  section,  to  file  a  bill  in  the  court  of  chancery, 
in  the  name  of  the  State,  on  the  relation  of  such  board,  for  an  injunc- 
tion to  prohibit  the  further  violation  of  the  said  section,  and  every 
Buch  action  shall  proceed  in  the  court  of  chancery  according  to  the 
mles  and  practice  of  bills  filed  in  the  name  of  the  attorney-general 
on  the  relation  of  individuals,  and  cases  of  emergency  shall  have 
precedence  over  other  litigation  pending  at  the  time  in  the  court  of 
chancery,  and  may  be  heard  on  final  hearing  within  such  time  and  on 
wch  notice  as  the  chancellor  shall  direct. 

5.  All  acts  and  parts  of  acts  inconsistent  with  the  provisions  of  this 
act  are  hereby  repealed. 

6.  This  act  shall  take  effect  immediately. 
Approved  March  17,  1899. 

[LawK  i>f  img.  ehap.  Ifl'l.  p.  6%.] 
iS  ACT  to  prevent  the  pollntioD  of  tlie  waters  of  this  Stat^  by  the  estsblishment 
of  ■  State  sewerage  uointnisstitu.  and  anthorizitig  the  creation  nf  sewerage 
dirtricts  and  diatriet  Bewerapo  Ixiards.  and  prescriliing.  defining,  and  re(fiilatinK 
the  powers  and  dnties  nf  sach  commissian  and  snch  boards. 

Be  it  enacted  by  the  xenale  tnid  general  nsse.mhly  of  the  Sfnie  of  New 
Jersey; 

1.  It  Bhall  be  the  duty  nf  the  governor,  within  thxitj  Aw^a  tv^tA,  ««.*i- 
oeeding  the  approval  or  piismge  of  this  act,  to  appoiiA, \*v  *f^*-  "w"'''*^ 
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the  Hilvic:*'  »iid  uuiisoiil.  of  llii<  senate,  (\Vf.  citizens  of  Miia  St«t«,  Ui 
coiupcHu^  Hilil  lie  knuwn  &»  "the  State  uewei-age  (^ominiiwiuii."  lu  the 
original  iiamtiiatiou  tif  tlie  memlwiii  of  said  commiKsinu  to  tlie  (w-nat* 
the  governor  ahall  ilesignal«  one  of  them  to  serve  for  one  year,  mid 
two  for  two  years,  and  two  for  three  years,  and  thereafter  the  mun- 
bers  of  said  comaiission  shall  be  appointed  bj-  the  governor,  by  and 
with  the  advice  and  consent  of  the  senate,  for  the  term  of  three  years 
and  until  their  succeaeors  are  duly  appointed,  confirmed,  and  quali- 
fied. Any  vacancy  occurring  in  said  commission  when  the  legislature 
is  not  in  session  shall  be  filled  by  ap|H>intment  of  the  governor  antil 
tlii^  next  regular  session  of  the  legislature,  when  such  vacancy  .-iliall 
be  lllled  in  the  manner  hereinbefore  provided,  but  any  such  last- 
mentioned  appointment  and  eonfirnjation  by  the  senate  shall  be  for 
the  unexpired  term  only.  Members  of  said  commission,  l)efore  enter- 
ing upon  the  duties  of  their  office,  shall  make  and  subscribe  au  oath 
or  affirmation  {before  some  person  authorized  by  the  laws  of  this 
State  to  administer  the  same)  to  truly,  faithfully,  and  impartially  per 
form  and  discharge  the  duties  of  their  office  acconllng  to  law  and  flk 
the  same  with  the  secretary  of  state.  The  terms  of  office  of  the  mem- 
bers of  said  commission  (except  those  appoint^ed  by  the  governor  to 
fill  vacancies  as  aforesaid)  shall  commence  on  the  first  Monday  of 
May  next  suecoeding  their  appointment  by  the  govenior  and  confir- 
niJiliiui  liy  llie  m>'ii;i1i'.  1>ti  the  first  Monday  of  May  noxt  suc(.'(f;dinK 
the  original  appointment  of  said  commission  the  members  thereof 
shall  meet  at  the  statehouse  in  the  city  of  Trenton  and  organize  by 
the  election  of  one  of  their  number  to  be  chairman  of  said  commii^- 
sion  and  one  to  be  treasurer  thereof,  which  officers  shall  hold  office  at 
the  pleasure  of  the  commission.  After  having  so  met  and  organized 
subsequent  meetings  of  the  commission  shall  )>e  held  at  such  times 
and  places  as  the  commission  may  dii-ect  or  as  it  may  be  called  to 
meet  by  the  chairman. 

'2.  Said  commission  shall  keep  a  record  of  all  its  proceedings  and 
transactions,  also  full  and  accurate  account  of  its  receipts,  disburse- 
ments, expenditures,  assets,  and  liabilities,  and  shall  annually  report 
to  the  legislature  its  operations,  proceedings,  and  transactions  for  the 
preceding  year,  with  a  statement  or  abstract  of  such  receipts,  dis- 
bursements, expenditures,  assets,  and  liabilities. 

3.  The  members  of  said  commission  shall  each  receive  an  annual 
salary  of  one  thousand  <lollars,  to  be  paid  as  other  salaries  of  State 
officers  are  paid.  Said  commission  may  have  a  secretary  (not  a  mem- 
ber of  the  commission),  to  be  appointed  by  the  commission  or  a 
majority  thereof,  who  shall  hold  his  office  at  the  pleasure  of  the  com- 
mission or  a  majority  thereof,  and  receive  such  salary  as  the  commis- 
sion or  a  majority  thereof,  with  the  approval  of  the  governor,  may 
fix;  said  commission  or  a  majority  thereof  may  also  from  time  to 
time  employ  or  appoint  such  experts,  engineers,  officers,  a^nts. 
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employes,  workmen,  and  servants  as  it.  may  deem  necessary  or  proper 
to  enable  it  to  perform  its  duties  and  carry  out  the  objects  and  pur- 
poses of  this  act;  and  said  commission  or  a  majority  thereof  may 
fix  and  determine  the  duties  and  compensation  of  said  experts,  engi- 
neers, officers,  agents,  employes,  workmen,  and  servants,  and  remove 
or  discharge  the  same  or  any  of  them  at  pleasure. 

4.  It  shall  be  the  duty  of  the  secretary  to  keep  a  record  of  all  the 
proceedings  and  transactions  of  the  commission,  to  prepare  the  annual 
report  to  the  legislature,  and  perform  such  other  duties  as  the  com- 
mission may  require.  It  shall  be  the  duty  of  the  treasurer  to  take 
charge  of  the  moneys  received  by  the  commission,  to  keep  accurate 
accounts  of  the  receipt  and  disbursement  thereof,  and  to  deposit  and 
pay  out  said  moneys  as  the  comniission  may  direct  and  under  such 
rules  and  regulations  as  it  may  from  time  to  time  establish.  The 
treasurer  may  be  required  to  give  bond  to  the  commission  for  the  due 
And  faithful  {>erformance  of  his  duties  as  such  treasurer,  in  such  sum 
and  with  such  sureties  as  the  commission  or  a  majority  thereof  may 
require  and  approve. 

5.  It  shall  be  the  duty  of  said  commission  to  investigate  the  vari- 
ous methods  of  sewage  disposal,  either  in  this  country  or  elsewhere, 
in  order  that  they  may  be  able  to  make  proper  recommendations  in 
regard  thereto.  They  shall  investigate  all  complaints  of  pollution  of 
the  waters  of  this  State  which  shall  be  brought  to  their  notice,  and 
shall  advise  as  to  the  best  methods  of  sewage  disposal  in  order  to  pre- 
vent such  pollution.     ^ 

6.  It  shall  be  unlawful  for  any  person,  corporation,  or  municipality 
to  build  any  sewer  or  drain  or  sewerage  system  from  which  it  is 
designed  that  any  sewage  or  other  harmful  and  deleterious  matter, 
solid  or  liquid,  shall  flow  into  any  of  the  waters  of  this  State  so  as  to 
pollute  or  render  impure  said  waters,  except  under  such  conditions  as 
shall  be  approved  by  the  State  sewerage  commission :  Proinded,  That 
the  provisions  of  this  section  shall  not  be  deemed  to  prohibit  the  use 
or  extension  of  existing  sewers,  drains,  or  sewerage  systems. 

7.  It  shall  be  unlawful  for  any  person,  corporation,  or  municipality 
to  build  or  cause  to  be  built  any  plant  for  the  treatment  of  sewajje  or 
other  polluting  substance  from  which  the  effluent  is  to  flow  into  any 
oi  the  waters  of  this  State,  except  under  such  conditions  as  shall  be 
Hpproved  by  the  State  sewerage  commission,  to  whom  the  plans  shall 
be  submitted  before  building. 

8.  On  or  before  the  first  day  of  January,  one  thousand  nine  hun- 
dred, and  thereafter  whenever  required  by  said  commission,  the  mayor 
of  every  municipality  and  the  chairman  of  every  township  committee 
of  every  township  now  having,  using,  owning,  leasing,  or  controlling 
^  sewerage  plant  or  system  shall  furnish  to  said  commission,  on  blanks 
^be  provided  by  said  commission,  a  statement  showing  t»K^  vWss^o^v 
Won  jDAde  of  the  sewage  of  their  respective  iu\\nic\p«A\\A^^  ot  \«^\\.- 
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aliipH,  and,  Jis  near  as  piissible,  tln>  aninunt  lUschtirged  eaeh  twi-iilj- 
four  hours,  ivml  Hiich  other  infoniiHtion  antl  data  as  may  l»e  callei)  fur 
by  HHi)!  tilHnks  Ui  be  praviiled  ah  aroresaid  by  aaid  cammisEion. 

!i.  Tho  wni-dB  "  waters  of  this  State,"  as  iisfd  in  this  act,  shall  hi- 
held  and  construed  tn  moan  and  include  any  and  all  waters  of  tiiiy 
pond,  lake,  creek,  iulet,  bay,  estuary,  river,  or  stream  of  this  Slat"-, 

JO.  To  enable  said  oominissiou  to  carry  out  and  enforce  th©  provi- 
Btons  rif  this  act,  the  said  commission  may  expend  a  uniii  not  pxci»edin£ 
five  thousand  dollars,  when  duly  appropriate*!. 

U.  And  whereas,  in  order  to  prevent  the  pollution  of  the  »aI*n*of 
this  State,  it  is  deetned  necessary  tn  establish  a  proper  system  or  sj-p- 
teinii  of  BewerftKe  and  drainai^e  wherein  may  or  may  not  bo  indiuleil 
a  fiystem  or  systems  of  sewa^^e  disposal  works  for  the  sRientilic  Ireitl- 
ment  and  projwr  disivosal  of  scwaige  and  sew-age  matter  and  the  efflu- 
ent thereof,  find  the  establishment  of  any  such  system  or  sj-stwn* 
may  render  proper  or  nece-sary  the  formation  or  creation  of  sewerafii- 
districts  embraeint?  iwrtions  or  the  whole  of  the  territory  of  two  or 
more  of  the  municipalities  of  this  State,  within  which  districts  suHi 
system  may  bi^  oonstruet«d,  iiiaintainetl,  and  openited,  and  sucli 
municipalities  may  hv  unable,  through  lack  of  power  and  authority, 
or  otherwise,  to  agree  upon  the  e.qt«blishment  of  any  such  system  or 
systems  or  upon  the  extent  or  limits  of  the  territory  of  their  respw- 
tive  municipalities  to  be  included  in  any  such  districtor  districts  and 
devoted  to  the  uses  an<l  purposes  of  any  such  system  or  systems  as 
aforesaid;  therefore,  upon  presentation  to  said  the  State  sewerage 
commission  of  a  iietition  in  writinfr,  setting  forth  that  in  order  to  pre- 
vent the  pollution  of  the  waters  of  this  State,  or  any  of  them,  it  is 
proper  or  necessary  that  portions  or  the  whole  of  the  territory  of  two 
or  more  of  the  municipalities  of  this  State  should  be  erected  into  n 
sewerage  district  for  the  construction,  maintaining,  and  operation 
witliiii  such  district  of  a  system  of  sewerage _and  drain^c  or  a  system 
of  sewage-di8i>osal  works,  or  of  both  such  systems,  and  naming  eaoli 
municipality,  the  whole  or  any  portion  of  the  lerritorj'  whereof  it  is 
proposed  shall  be  included  in  such  district,  and  stating  generally  the 
boundaries  and  outlines  of  such  propose*!  district  with  sufficient 
exat^tness  to  show  approximately  the  quantity  or  extent  of  territory 
of  each  municipality  to  he  embraced  in  such  proposed  district,  anil 
requesting  said  commission  to  create  and  establish  such  district  f()r 
either  or  both  of  the  purposes  aforesaid;  and  if  said  petition  be  signed 
by  the  mayoi's  or  other  chief  executive  officers  of  all  of  the  munici- 
palities named  in  said  petition,  any  of  whose  territory  is  proposed  lo 
I>e  included  in  said  district,  said  signatures  being  respectively  afflxe<I 
to  said  petition  by  authority  or  direction  of  the  respective  governing 
bodies  of  such  municipalities  {full  power  and  authority  to  authorize 
and  direct  the  signing  of  any  such  petition  l)eing  hereby  conferred 
upon  and  vested  in  all  such  governing  Itodics),  ami  the  signing  of 
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said  petition  by  such  authority  or  direction  being  made  to  appear  by 
affidavit  or  other  due  proof  thereof,  it  shall  be  lawful  for  said  the 
State  sewerage  commission  to  appoint  a  time  and  place  when  and 
where  it  will  attend  and  give  public  hearing  of  the  matters  contained 
in  said  petition  to  all  persons  and  parties  interested  therein;  said 
commission  shall  cause  at  least  twenty  days'  notice  to  be  given  of  the 
time  and  place  of  any  such  hearing  by  publishing  the  same  in  the 
newspaper  or  newspapers,  if  any,  published  within  said  proposed  dis- 
trict, and  if  none  be  published  therein,  then  in  a  newspaper  or  news- 
papers ptiMished  in  the  neighborhood  of  said  proposed  district  and 
circulating'  therein;  said  notice  may  also,  at  the  discretion  of  said 
commission,  be  published  in  a  newspaper  or  newspapers  published 
outside  of  said  proposed  district,  whether  or  not  any  paper  or  papei*s 
be  published  within  the  same;  said  commission  shall  also,  at  least 
14*11  days  prior  to  the  day  fixed  for  such  hearing,  cause  notice  of  the 
time  and  place  thereof  tp  be  mailed  to  or  served  upon  the  mayor  or 
other  chief  executive  officer  of  any  and  all  municipalities  named  in 
said  petition,  any  territory  whereof  is  included  in  said  proposed  dis- 
trict; and  said  commission  may,  if  it  deem  proper  so  to  do,  require  a 
copy  of  said  petition  to  be  mailed  to  or  served  upon  such  mayors  or 
other  chief  executive  officers  such  number  of  days  prior  to  said  hear- 
inj^  as  it  may  direct;  said  hearing  may  be  adjourned  from  time  to 
time  as  said  commission  may  decide;  the  sessions  of  said  commission 
on  said  hearing,  or  any  adjournment  thereof,  when  sitting  for  the 
taking  of  testimony  or  hearing  argument  of  counsel,  shall  be  open 
and  public,  and  witnesses  may  be  examined  under  oath  or  affirmation, 
which  any  member  of  said  commission  or  the  secretary  thereof  is 
hereby  authorized  and  empowered  to  administer;  the  secretary  of  said 
commission  shall  attend  at  all  such  hearings  and  keep  minutes  of  the 
proceedings  thereat;  said  commission  ma}^  if  it  deem  proper  so  to  do, 
employ  a  stenographer  to  take  and  transcribe  the  testimony  produced 
before  it  at  any  such  hearing;  and  said  commission  may  require  the 
persons  or  parties  presenting  to  it  any  such  petition  as  aforesaid  to 
pay  in  advance  or  assume  or  guarantee  to  pay  all  or  such  part  of  the 
costs,  charges,  and  expenses  to  be  made  or  incurred  by  reason  of  the 
filing  of  said  petition  and  subsequent  proceedings  to  be  had  thereupon 
or  thereunder,  as  said  commission  may  think  proper. 

12.  If,  after  such  hearing,  said  commission,  or  a  majority  thereof, 
shall  deem  it  advisable  to  comply  with  the  request  of  said  petition, 
and  that  a  district  for  the  purpose  or  purposes,  or  either  of  them 
therein  stated,  should  be  created  and  established,  said  commission 
shall  adopt  a  resolution  to  that  effect,  defining  the  limits  and  boun- 
daries of  such  district  with  certainty  and  declaring  the  territory 
included  within  such  limits  and  boundaries  to  be  a  sewerage  district, 
within  which  a  system  of  sewerage  and  drainage,  or  a  system  of 
sewage-disposal  works,  or  both,  maybe  constructed,. m«w\.\i\)«Xu^^^^\A 
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0perHt4-il  under  the  pravisiona  of  this  act;  the  said  district  shull  \tv 
called  and  known  as  "sewerage  diatrieta,"  and  the  boarda  t<i  con- 
struct, maintain,  and  operate  the  system  or  systems  of  sewerage  or 
sewage -disposal  works  within  such  districts  shall  be  called  and  known 
AS  "sewerage  boards^"  in  and  by  said  resolution,  said  coinmisMiun 
shall  assign  to  the  district  therein  and  thereby  established  a  naw 

and  number,  thus,  "Sewerage  district  number ,"  and  shall  al»o 

specify  the  name  by  which  the  board  thereafter  to  be  elected  in  such 
district  shall  be  called  ami  desiguate<l,  thus,  "  Sewerage  board  of  ili»- 

trict  number ,"  the  number  of  any  such  district  and  that  of  the 

sewerage  board  therein  to  Iw  always  the  same.  The  first  sewerage 
district  created  and  established  under  this  act  shall  Im  "Scwerag'' 
district  number  one,"  the  second  number  two,  and  so  on  in  regular 
order  as  the  same  may  be  resjjec lively  created.  Said  commission 
shall  also  cause  a  map  to  be  prepare<l  of  said  district  so  create<l  mkI 
establi8li<>«l,  whereon  and  whereby  shall  be  shown  with  accuracy  tht^ 
limits  and  boundaries  of  such  district,  of  what  muniei[>alities  Ihr 
lands  iuclu<lc<l  in  sai<l  district  form  a  part  and  what  extent  or  quan- 
tity of  territory  of  each  municipality  (whether  the  whole  or  a  portion 
thereof)  is  included  in  said  district.  The  original  of  said  map  shall 
be  flied  with  said  commission,  and  within  ten  days  aft^rthe  ndoptina 
of  said  resohitfOn  a  copy  thereof  and  of  said  map  shall  be  filed  in 
the  office  of  the  secretary  of  slate  jiTid  in  the  <-lerk'8  oRiee  of  oai'li 
county  in  which  any  of  the  lands  included  in  said  district  may  be 
situate;  and  from  and  after  the  filing  of  such  i-esolution  and  maps  as 
aforesaid  the  territory  included  in  said  district  as  stated  and  shown 
in  and  by  said  resolution  and  map  shall  be  deemed  to  be  and  consti- 
tute a  sewerage  district  by  the  name  and  number  and  for  the  pur- 
poses stated  in  said  resolution. 

13.  The  members  of  the  several  sewerage  boards  shall  consist  of 
two  members  from  each  municipality,  in  whole  or  part,  within  the 
sewerage  district,  to  be  appointed  by  the  governing  body  of  each  of 
such  municipalities,  and  one  member  to  l>e  appointed  by  the  State 
sewerage  commission,  all  of  whom  shall  l>e  I'esidents  of  the  district; 
provided  that  in  case  more  than  three  municipalities  shall  be  included 
in  whole  or  part  in  any  sewerage  district,  there  shall  be  but  one  mem- 
ber from  each  municipality  in  addition  to  the  number  appointed  by 
the  State  sewerage  commissioD. 

14.  The  members  of  any  district  sewerage  board  first  appointed 
shall  meet  at  such  time  and  place  as  the  State  sewerage  commission 
shall  designate;  each  member  of  said  board  (and  all  members  thereof 
afterwards  appointed  thereto)  shall  take  and  subscribe  an  oath  or 
affirmation,  before  some  person  authorized  to  administer  the  same,  t.o 
faithfully  and  truly  perform  his  duty  as  member  of  such  board  to  the 
best  of  his  ability,  and  within  two  days  after  making  thereof  forward 
the  same  to  the  secretary  of  state;  said  board  when  met  as  aforesaid 
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(the  members  thereof  having  each  made  and  subscribed  said  oath  or 
affirmation)  shall  organize  by  the  election  of  one  of  their  nnmber  as 
diairman,  one  as  seoretary,  and  one  as  treasurer;  the  members  of  said 
board  shall  serve  for  the  term  of  three  years  each,  and  the  terms  of 
such  members  shall  commence  on  the  date  of  their  first  meeting  as 
designated  by  the  State  sewerage  commission ;  the  chairman,  secre- 
tary, and  treasurer  of  said  board  shall,  respectively,  serv^e  for  the  period 
of  one  year  and  until  their  successors  are  elected ;  a  certificate  or 
statement  of  such  meeting  and  organization  of  said  board  shall,  on 
the  day  of  such  meeting,  be  prepared  and  mailed  to  the  secretary  of 
state,  to  be  filed  in  his  office;  meetings  of  said  board  sul)sequent  to 
such  first  meeting  for  organization  shall  be  held  at  such  times  and 
places  as  the  board  may  decide  or  as  it  may  be  called  to  meet  by  the 
chairman. 

15.  From  and  after  such  meeting  and  organization  of  said  board 
and  the  filing  of  such  certificate  as  aforesaid,  said  board  shall  be 
deemed  to  be  and  shall  be  a  Ixnly  politic  and  corporate,  under  the 
same  name  and  title  as  that  designated  and  specified  in  the  resolution 
of  the  State  sewerage  commission  ci*eating  and  defining  the  said  sew- 
erage district,  to  wit,  "Sewerage  board  of  district  number ,"  and 

by  such  name  and  title  said  sewerage  board  shall  have  {>erpetual  suc- 
cession with  power  to  sue  and  be  sued  and  the  right,  power,  and 
suthority  to  acquire,  hold,  use  and  dispose  of  all  such  property,  real 
or  personal,  as  may  be  proi>er  or  necessary  for  the  objects,  uses,  and 
purposes  for  which  said  sewerage  board  was  created,  and  with  all 
other  powers  necessary  or  incident  to  bodies  politic  and  corporate  or 
that  may  be  necessary'  or  proper  to  carry  out  and  effectuate  the 
objects  and  purposes  of  this  act  and  the  objects  and  purposes  for 
which  said  sewerage  board  was  created. 

16.  Any  such  board  incorporated  as  aforesaid  shall  have  full  i)ower 
and  authority  within  its  respective  district,  under  the  supervision, 
direction,  and  control  of  the  State  sewerage  commission  as  hereinbe- 
fore or  hereinafter  provided,  to  construct,  maintain,  and  operate  in 
said  district  a  system  of  sewerage  and  drainage,  or  of  sewage-disposal 
works,  or  both,  with  the  necessary  pipes,  drains,  conduits,  fixtures, 
pumping  works,  and  other  appliances  for  the  purpose  of  taking  up 
sewage  and  all  other  offensive  and  deleterious  matter  and  convey  the 
same  to  some  proper  place  or  places  of  deposit  or  disposal  to  be 
selected  by  the  said  board,  there  to  be  deposited,  treated,  disinfected, 
or  disposed  of  as  to  the  said  board  may  seem  proper  and  as  may 
be  deemed  most  advantageous;  and  it  shall  be  the  duty  of  all  per- 
sons and  all  corporate  bodies  and  municipalities  owning  or  control- 
ling sewers  or  drains  or  having  charge  thereof  within  the  limits  of 
the  district  wherein  intercepting  or  main  sewers  have  been  or  may  be 
oonstmcted  by  the  said  board  as  herein  provided,  to  cause  the  same 
to  be  connected  therewith;  and  it  shall  be  the  duty  of  said  board  in 
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(^ou!jlru(.-Uti}i;  fiti(!l)  main  or  interceptiufr  ttewers  to  Iiuve  tlicai  sooon- 
«triK'U»U  that  sncli  t-oDneclion  can  be  made  therewith  at  all  necessary 
and  proper  points  ami  places;  all  Huch  connections  shall  bo  made  id 
accordance  with  the  rules  and  ragulations  from  time  To  time  adopted 
by  the  said  board  in  relation  tlisreto,  and  nnder  the  direction  md 
supervision  of  its  oflicers  and  agents, 

1 7.  The  said  board  shall  have  power  and  authority  to  purchase  and 
aL-cjuira  all  lands,  rl((ht8,  or  inten^st  in  lands  which  may  be  deeiiie<i 
neccHsary  fur  the  construction  of  sewerK,  drains,  disposal  pumping, 
and  other  works  authorized  by  this  act;  and  if  in  any  ease  the  etaid 
iKiaiii  shall  be  unable  to  agree  with  the  owner  or  ownei-s  of  any  lanils, 
rights,  or  interests  in  lands  deemed  necussary  by  tlie  said  board  in  t\w 
construction  of  the  works  heroin  authoriaed,  or  when,  by  reason  of 
the  legal  incaijaeity  or  absence  of  suck  owner  or  owners,  no  agree- 
ment can  be  mtRic  for  the  purcbtwe  thereof,  the  lands  orrighuin 
lands  BO  desired  shall  bo  acquired  in  the  manner  pi-ovided  by  Ihp 
general  laws  of  this  State  i-elating  to  the  condemnation  of  lands  for 
public  use. 

18.  Before  det<.'nniniug  upon  Iho  final  plan  ur  route  for  the  biiildiujr 
or  construction  of  any  work  authorized  by  this  act,  the  said  Iwnnl 
may,  by  its  officers,  agents,  servants,  and  employee,  enter  at  all 
times  upon  any  lands  or  waters  for  the  purpose  of  exploring,  survey- 
ing, leveling,  and  laying  cut  the  route  of  anydrain  or  sewer,  looatini! 
auyiiisposal,  pumping,  ur  other  wmkn,  eatahlishiuggradeaand  doingttii 
necessary  preliminary  work,  doing,  however,  no  unnecessary  damage 
or  injury  to  private  or  other  property. 

19.  The  said  board  shall  have  power  and  authority  to  construct  any 
sewer  or  drain,  by  it  to  be  made  or  constructed  under  or  over  any 
water  course,  under,  over,  or  across,  or  along  any  street,  turnpike, 
road,  railroad,  highway  or  other  way,  and  in  or  upon  private  or  puh- 
!ic  lands  under  water,  in  such  way  and  nmnner,  however,  as  not 
unnecessarily  to  obstruct  or  im[>ede  travel  or  navigation,  and  may 
enter  upon  and  dig  up  any  road,  street,  highway,  or  private  or  public 
land,  for  the  purpose  of  laying  down  sewers  and  drains  upon  or 
beneath  the  surface  thereof,  and  for  maintaining  and  repairing  the 
samo,  H,nd  in  general  may  do  all  other  acts  and  things  necessary,  con- 
venient, and  proper  for  the  purposes  of  this  act;  and  whenever  the 
said  board  shall  dig  up  any  road,  street,  or  way,  as  aforesaid,  it  shall, 
as  far  as  practicable,  restore  the  same  to  as  good  condition  and  order 
as  the  same  was  when  such  digging  commenced. 

20.  The  said  board  shall  have  power  and  authority  also  to  alter  or 
change  the  course  or  direction  of  any  watercourse,  and,  with  theeon- 
sent  of  the  Iward  or  body  having  control  of  the  streets  and  highways 
in  any  city,  town,  or  munieipaiity,  to  alter  or  change  the  location  or 
grade  of  any  highway,  public  street,  or  way  crossed  by  any  sewer  or 
drain  constructed  or  to  be  constructed  under  the  provisions  of  this 
act,  or  in  which  such  sewers  or  drains  may  be  Vocated. 
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21.  The  said  board  shall  at  all  times  keep  full  and  accurate  accounts 
I  its  receipts,  expenditures,  disbursements,  assets,  and  liabilities, 
ad  shall  annually  make  a  report  of  its  operations  and  doings,  in 
hich  report  it  shall  include  an  abstract  of  such  receipts,  expendi- 
ires,  disbursements,  assets,  and  liabilities,  and  publiuh  the  same  in 
ne  or  more  newspapers,  published  in  each  of  the  counties  in  said 
istrict. 

22.  To  provide  for  the  x>ayment  of  the  costs  and  expenses  incurred 
»r  to  be  incurred  by  the  said  board  in  making  the  constructions  and 
executing  the  work  and  performing  the  duties  imposed  upon  it  by 
Lhis  act,  it  shall  have  power  and  authority  from  time  to  time  to  issue 
bonds  in  its  corporate  name,  not  to  exceed  in  amount  such  costs  and 
expenses,  and  not  to  exceed  that  part  of  such  cost  and  ex]:)ense 
incurred  in  the  work  of  constructing  sewers,  drains,  disposal,  and 
ather  works,  including  the  cost  of  lands,  rights  and  interests  in  lands, 
of  which  a  separate  account  is  to  be  kept  by  said  l)oard  as  hereinafter 
provided;  such  bonds  shall  be  of  the  form  and  payable  at  such  time, 
not  exceeding  thirty  years  from  the  date  thereof,  and  at  such  place, 
either  in  currency  or  coin,  as  the  said  board  may  determine ;  they  shall 
bear  interest  at  a  rate  not  exceeding  five  per  centum  per  annum;  in 
issuing  such  bonds  the  said  board  may,  in  its  discretion,  make  the  same, 
or  any  x>art  thereof,  fall  due  at  stated  periods  less  than  thirty  years,  or 
may  reserve  therein  an  option  to  redeem  and  pay  the  same  or  any 
part  thereof  at  stated  periods  at  any  time  between  the  date  thereof 
and  the  date  at  which  they  would  otherwise  fall  due,  and  all  such 
bonds  may  be  negotiated,  sold,  or  disposed  of  at  not  less  than  their 
par  value,  and  the  same  or  the  proceeds  thereof  may  be  used  by  the 
said  board  for  the  purpose  aforesaid. 

23.  The  said  board  shall  keep  the  costs  and  expenses  of  the  con- 
itniction  of  sewers,  drains,  disposal  and  other  works,  in  which  shall 
1)8  included  the  cost  of  lands,  rights  and  interests  in  lands,  separate 
from  the  costs  and  expenses  of  maintenance,  opoi*ation,  and  repairs, 
ind  shall,  after  having  i)repared  and  adopted  i)lans  (which,  however, 
ihe  board  or  the  State  sewerage  commission  shall  have  the  power  to 
change  or  modify,  if  such  change  or  modification  shall  be  found  neces- 
sary or  desirable),  make  a  careful  estimate  of  the  cost  and  expense  of 
mch  construction,  and  shall  divide  and  apportion  the  same,  accord- 
ngto  their  best  judgment,  to  and  betweiMi  the  several  municipalities 
)r  parts  thereof  (if  any)  included  within  such  s(»werage  districts  rat- 
ibly  and  proportionally  to  the  benefits  received  or  to  be  received  by 
•^uch  municipalities  or  ])arts  thereof  from  such  ccmstrnction,  and  shall 
furnish  to  the  governing  body  of  each  and  every  municipality  the 
whole  or  any  part  whereof  is  included  in  such  sewerage  district,  a 
statement  of  such  estimatcHl  ('ost  and  expense  and  of  the  division  and 
apportionment  thereof  as  aforesaid,  and  service  of  said  statement 
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apuii  IIr'  imiyor  or  otliur  chief  «;xecutiv«  officer  or  upoa  the  derii  ut 
any  such  tniiniciimlily  shall  bo  tieeniei!  tobeaservicnuponthemunid-  i 
pality;  if  the  governing  bixJy  of  nuy  such  launiuipulity  (whetbers 
whole  or  only  H  part  theraiif  is  included  in  mich  sewerage  dislrit^) 
Bhail  be  disnatisfled  with  such  division  and  apportionment  and  nhaU 
vithin  twenty  days  after  servipetherwof  as  aforesaid  express  such  dis- 
Satisfaotinn  by  a  rewilution  adopted  by  a  majority  of  such  b<xly,  Ihi-ii 
It  shall  l)e  lawful  forsuch  txHly,  in  the  <^'orporat«  name  of  ttuch  munii-- 
ipallly,  to  make  application  to  any  justice  of  the  supreme  court  nf 
this  Stat*  for  the  appointment  of  three  disinterested  persons,  rcsiileQis 
of  this  Stat«,  commission  to  review  snch  division  and  apportion- 
ment, and  correet,  amend,  revise,  alter,  or  confirm  the  same,  as  Itiev 
or  a  majority  of  them  shall  deem  juet  and  proper,  and  it  shall  be  tht* 
duty  of  said  justice  to  make  such  appointment;  the  comraisHioneresii 
Appointed  (having  resi)ectively  t^ken  and  subscribed  an  oath  or  affir- 
tnat  ion  before  some  person  authorized  to  administer  the  same  F»itli' 
fully  and  impartially  to  perform  the  (luties  imposed  upon  them  hj  "I, 
bIiaH  forthwith,  at  sueh  time  and  phice  as  they  or  a  majoritj'  of  tlicm 
may  appoint,  and  upon  such  notice  as  the  said  justice  in  the  order 
Appointing  said  comraissiouers  shall  (lirect  to  l>e  given,  hear  the  par- 
ties interested  in  said  matter  and  suoh  proofs  and  witnesses  as  mnj' 
l>e  produced  before  them ;  said  commiasionei-s  may  adjourn  said  hear- 
ing from  liiin'  to  linn^  iis  od'asion  nuiy  require;  ou  any  siicli  hi.'HHnir 
the  parties,  if  they  so  choose,  may  be  represented  by  counsel,  and  the 
witnesses  may  be  examined  under  oath  or  affirmation,  which  any  of 
said  commissioners  are  hereby  authorized  to  administer;  said  com- 
missioners may  designate  one  of  their  number  to  act  as  chairman  aotl 
one  to  act  as  clerk  or  seci-etarj-;  at  the  conclusion  of  such  hearing, 
and  within  ten  days  thereafter,  said  commissioners,  or  a  majority  of 
them,  shall  correct,  amend,  revise,  alter,  or  confirm  such  division  ami 
apportionment  as  they  or  a  majority  of  them  shall  deem  just  anil 
proper  under theevidenee and  proofs  produced  before  them,  and  shall 
make  and  sign  a  statement  or  certificate  thereof,  which  8tat«>ment  oi 
certificate  shall  be  final  and  conclusive  and  binding  upon  all  parties 
the  application  for  the  appointment  of  such  commissioners,  the  ordc- 
of  the  justice  appointing  them,  the  oath  or  affirmation  of  said  cok 
missioners,  and  their  said  statement  or  certificate  shall,  within  tw 
days  after  the  making  of  such  statement  or  certificate,  be  filed  wit 
the  secretary  of  the  sewerage  boai-d  which  made  the  division  or  appor 
tiooment  reviewed  by  said  commissioners;  and  such  sewerage  boanl 
within  five  days  after  the  filing  of  such  statement  or  certificate  a 
aforesaid,  shall  cause  a  certified  copy  thereof  to  be  served  in  manne 
aforesaid  upon  each  of  the  municipalities  that  the  original  divisioi 
and  apportionment  made  by  said  seweri^e  board  was  served  upon 
which  certified  copy  so  served  shall  be  in  lieu  and  stead  of  that  orig 
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inally  served,  and  (as  aforesaid)  be  final  and  conclusive  and  binding 
upon  all  x>fti^i6s;  if,  in  any  case,  where  only  a  part  of  a  municipality 
18  included  in  a  sewerage  district,  the  governing  body  of  such  munic- 
ipality shall  not  within  said  twenty  days  after  service  upon  it  of  any 
sach  original  statement  as  aforesaid,  adopt  a  resolution  expressing  its 
dissatisfaction  as  aforesaid  provided,  then,  and  in  every  such  case,  it 
shall  and  may  be  lawful  for  one  or  more  of  the  residents  and  tax- 
payers, or  residents  and  nonresident  taxpayers  of  said  sewerage  dis- 
trict, to  join  in  such  application  as  aforesaid  to  any  justice  of  the 
supreme  court  for  the  appointment  of  commissioners  to  review,  as 
aforesaid,  the  said  division  and  apportionment,  and  tliereupon  the  said 
justice  may,  in  his  discretion,  appoint  such  commissioners,  and  if 
such  appointment  be  made,  said  commissionei's  shall  proceed  in  the 
same  manner,  and  the  proceedings  before  them  had  shall  be  similar 
to  those  hereinbefore  provided,  and  the  sta^tement  or  certificate  of 
said  commissioners  made  up<m  any  such  last-mentioned  applica.tion 
shall  l)e  final  and  conclusive  and  binding  ui>on  all  parlies. 

24.  The  said  sewerage  board  shall  also,  in  the  manner  hereinbefore 
directed,  serve  upon  or  furnish  to  each  of  said  municipalities' after 
every  issue  and  sale  of  bonds  a  statement  of  the  amount  of  such 
bonds  and  the  date  of  interest  thei^eon  and  the  proportion  thereof 
allotted  to  each  municipality  (where  such  municipalit}'  is  entirely 
within  the  sewerage  district)  or  (where  only  a  part  of  the  municipal- 
ity is  included  in  the  se average  district)  of  the  proportion  of  such 
division  and  appoi*tionment  allotted  to  the  part  of  the  municipality 
in  said  sewerage  district;  and  it  shall  be  the  duty  of  each  of  said 
municipalities,  and  of  its  proper  officers,  in  the  next  annual  tax  levy 
made  in  such  municipality  and  in  each  succeeding  year  thereafter  to 
include  and  raise  by  taxation  the  amount  required  to  pay  the  inter- 
est on  the  proportion  of  such  bonded  indebtedness  allotted  to  such 
municipality  or  part  thereof,  as  the  case  may  be,  and  if  such  inunici- 
X>ality  l)e  entirely  within  such  sewerage  district  then  it  shall  Ik>  the 
^luty  of  such  municipalities  to  cause  to  1m»  h^vied  and  assessed  therein 
«isnm  equal  to  the  amount  of  interest  so  apportioned  and  allotted  to 
^uch   municipality  together  with  such  additional  sum,  to  be  divided 
4ind  apportioned  and  allot t(»(l  to  and  between  said  municipalities  or 
J)arts  thereof  as  aforcKsaid  as  may  be  necessary  to  establish  and  main- 
XsLin  a  sinking  fund  sutlicient  to  pay  the  principal  of  the  bonds  issued 
l)y  the  said  sewerage  board  under  authority  of  this  act  when  the  same 
fall  due.     If  only  a  part  of  the  municipality  be  included  in  11h»  sew- 
erage district,  then  it  shall  be  the  duty  of  such   municipality  and  its 
proper  officers,  instead  of  levying  and  assessing  the  same  upon  the 
"Whole  municipality,  to  cause,  in  numner  aforesaid,  the  sum  or  sums 
that  may,  as  aforesaid,  be  apporti(med  and  allotted  to  such  part  of 
the  municipality  as  is  included  in  the  sewerage  district  to  be  levied 
and  assessed  in  and  u[)on  such  part  of  the  municipality  as  is  included 
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in  the  sewerage  distriot .  in  the  sa\iw  manner  as  other  laxeu  may  W 
levied  and  assessed  therein:  and  it  shall  be  the  duty  of  all  Uxiug 
olBoers  And  all  ooUeeting  ofliuers  iu  the  said  municipalities  to  len-, 
aasesB,  and  collect  the  said  amount  or  sums  so  to  1>e  rais^  in  sucb 
mnoidpalitieH  or  parts  thereof,  as  the  case  may  be;  and  it  shall  al<o 
be  the  duty  of  the  oollect«i-  of  taxea  in  each  of  the  said  munici])ali- 
.tiea,  or  other  proper  oflii^r,  tji  pay  to  (he  sewerage  board  thereunli' 
entitled  the  money  so  lovied,  assessed,  and  collected.  After  ^ach 
oensDri,  State  or  national,  a  new  allotment  »haU  l>e  made  uf  the  i^ink- 
ing  fand  or  redemptiim  fund  in  the  manner  herein  provldecl. 

25.  As  soon  as  the  work  of  oonstinction  by  this  act  anthorind  (or 
the  OQst  and  expense  of  which  a  preliminary  wtimMe  shall  have  been 
made  aa  herein  provided)  has  been  completed  the  said  board  akiiX 
IMveeed  at  onoe  to  ascertain  the  actual  cost  and  expense  ot  such  woHl, 
and  shall  furnish  to  each  of  the  said  mnnioipaUtiea  or  mnnicipal 
divisions  a  statement  of  such  cost  and  expense. 

S6.  The  cost  of  maintenance,  operation,  and  repairs,  tc^ther  with 
the  coet  of  snpervi^on,  and  all  other  expenses  at  every  kind  not 
tadnded  in  the  cost  and  expense  of  construction,  shall  be  annually 
estimated  by  the  said  board  and  divided  and  apportioned  between  tlie 
said  several  munioipalitiee  or  parts  thereof  upon  Hbo  same  ba«e  as 
herein  provided  for  the  division  of  the  cost  and  expense  of  constnc- 
tion ;  and  that  the  same  when  so  divided  and  apportioned,  shall  be 
levied,  assessed,  collected,  and  paid  annually  in  the  same  manner  pro- 
vided for  the  levying,  assessment,  and  collection  of  the  cost  aad 
expense  of  construction:  Provided,  however.  That  if  at  the  end  of  any 
year  when  such  cost  and  expense  shall  have  been  accurately  ascer- 
tained such  estimate  shall  be  foiiud  to  have  been  more  or  less  than  the 
proper  proportion  of  any  such  municipality,  then  the  surplus  or  deli- 
ciency,  as  the  case  may  be,  shall  be  deducted  from  or  added  to  the 
sura  to  be  levied,  assessed,  and  collected  forthe  sacceeding  year. 

27.  The  said  Iward  shall,  immediately  after  receiving  from  the  sai*^ 
municipalities,  or  either  of  them,  or  from  the  collector  or  treasure! 
of  any  such  municipality,  any  moneys  on  account  of  the  apportioiv 
ment  made,  as  hereiiiliefore  provided,  or  as  soon  thereafter  as  pra«- 
ticable,  cause  the  same  to  be  invested  in  securities,  the  character  (f 
which  shall  be  the  same  as  required  by  law  for  savings  banks  of  th». 
State,  except  so  much  thereof  as  may  be  require<l  to  pay  interest  du 
or  to  fall  due  during  the  current  year;  and  all  such  funds,  and  tlia 
securities  in  which  the  same  or  any  [>art  thereof  shall  be  invested 
and  the  interest  received  therefrom,  shall  be  held,  used,  and  applied 
by  the  said  board  as  a  sinking  fund  to  meet  and  pay  the  interest  and 
principal  on  the  bonds  issued  by  the  said  board  under  the  authority 
ot  this  act,  aud  for  no  other  purpose  whatever,  until  all  such  bonds 
and  all  arrears  of  interest  thereon  are  fully  [taid.  It  shall  be  the 
dutyof  said  sewerage  board  to  include  in  its  annual  re|)ort  the  amount 
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of  money  received  by  it  for  the  purposes  afoi^esaid,  the  sources  from 
which  such  money  was  received,  and  the  investment  of  the  same;  and 
the  said  board  shall  keep  a  record  and  account  of  all  bonds  issued 
by  it,  when  the  same  fall  due,  the  time  and  place  of  payment,  and 
the  rate  of  interest  thereon,  aud  of  the  amount  received  on  the  sale 
or  disposition  thereof,  and  shall  also  keep  an  account  of  all  moneys 
invested,  held,  and  used  as  a  sinking  fund,  and  of  the  securities  in 
whichthesamemay  be  invested.  The  books,  records,  accounts,  papers, 
aod  documents  of  the  said  board  shall  be  open  to  the  inspection  of 
any  jierson  appointed  by  the  governing  body  of  any  municipality 
within  said  district  to  inspect  the  same :  Provided^  however ^  That  in 
case  the  said  board  shall  issue  bonds  which  shall  fall  due  and  become 
payable  at  stated  periods  less  than  thirty  years,  or  shall  retain  in  any 
such  issue  the  option  to  redeem  bonds  prior  to  the  dat^  at  which  they 
would  otherwise  fall  due  as  hereinbefore  provided,  then  it  shall  be 
lawful  for  the  said  board  to  make  application  of  the  moneys  received 
by  it  from  the  several  municipalities  and  of  the  funds  temporarily 
invested  by  the  said  board  so  received  for  the  purpose  of  paying  off 
and  discharging  the  said  obligations  acconiing  to  their  tenor  and 
effect. 

28.  During  the  year  preceding  the  year  in  which  the  bonds  issued 
under  the  authority  of  this  act  shall  fall  due  the  said  board  shall 
cause  a  careful  computation  to  be  made  of  the  moneys  that  will  be 
available  for  the  payment  of  the  same,*  and  if  it  shall  be  found  that 
any  deficiency  will  exist  in  the  fund  that  will  be  available  therefor, 
after  the  application  of  moneys  received  and  the  use  of  all  securities 
held,  such  deficiency  shall  be  apportioned  and  allotted  to  the  said 
municipalities  in  the  same  manner  and  upon  the  same  basis  as  the 
original  apportionment,  and  shall  l)e  added  to  the  amount  so  levied, 
assessed,  collected,  and  paid  by  the  said  municipalities,  respectively, 
in  the  succeeding  year;  and  if  any  excess  shall  1k^  found  to  exist  in 
such  fund  the  surplus  shall  1m^  credited  to  each  of  the  said  munici- 
palities in  the  same  proportion  and  deducted  from  future  estimates 
of  the  respective  shares  or  proportions  of  such  municipalities  of  the 
cost  and  expense  of  maintenance,  operation,  and  repairs. 

29.  In  and  alfout  the  performance  and  dischargt*  of  the  duties 
imposed  upon  it  by  this  act  any  such  sewerage  board  as  aforesaid, 
or  a  rtiajority  thereof,  may  employ  such  exp(M*ts,  engineers,  contract- 
ors, officers,  agents,  employes,  chirks,  Avorkmen,  and  servants  as  it 
may  deem  necessary  or  proper  to  enable  it  to  pcM'form  its  duties  and 
carry  out  the  objects  and  purposes  of  this  act;  and  said  board,  or  a 
majority  thereof,  may  ilx  and  determine*  the  duties  and  compensa- 
tion of  such  experts,  engineers,  ('ontractors,  oflicers,  agents,  (Muployes, 
clerks,  workmen,  and  servants,  and  7*emov(»  or  discharge  the  same, 
or  any  of  them,  at  pleasure. 

30.  The  secretary  of  any  su(^li  sewerage  board  shall  keep  a  record 
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of  all  thepraceedinKHamltraiiHactiotiHof  said  Iward;  ittidLT  thediivo 
tinn  of  saiil  linani  lie  shall  prepare  the  t'stimate,  iliviHinn,  and  nppiir' 
tiomneiit  pnividert  for  in  Heutiun  twpnty-six  hereof;  he  shall  prejiiin' 
the  aiintial  report  of  said  Iward  »iid  imrfonii  siicli  other  dutiejs  iw  tW 
board  may  from  time  to  time  require.  The  secretary  shall  receive  mi 
anuiial  salarr,  to  be  fixed  by  the  board,  or  a  majority  thereof,  btii  \\r 
Bball  not  receive  any  per  diem  allowance. 

31.  The  treasurer  of  any  BUch  sewerage  board  shall  have  chai^  and 
oiiatody  of  all  moneys  and  securities  received  or  owned  or  held  hy  said 
board;  he  Hhall  keep  aO'Curato  recoitl  and  aitcount  of  the  receipt,  di.s 
bureement,  and  disposition  of  all  such  moneys  and  securities,  itnL 
invest,  dei>osit,  dispose  of,  disburse,  and  pay  out  the  same  al  siicV 
times  and  in  Ruch  manner  as  tlie  board  may  direct,  ind  under  siic^ 
mtes  and  regulations  as  it  may  from  time  to  time  establish.  Tli« 
treasurer  shall  give  bond  to  snch  board  for  the  due  and  faithful  per 
fnnnance  of  his  duties  as  such  treasurer  in  such  sum  and  with  buoI 
sureties  as  the  l>oard,  or  a  majority  thei-eof,  may  require.  The  treiw 
urer  shall  receive  an  annual  salary,  to  Im-  llxed  and  determined  h>  tlx 
board,  or  a  majority  thereof,  but  he  shall  not  receive  any  peniien 
Allowance. 

3l'.  The  memlioraof  any  such  board,  except  the  secretary  and  treas 
Brer  thereof,  when  actually  (mgayed  in  and  about  Ihe  businessof  sail 
board,  shall  receive  n  per  dii'iii  i:i)m]>ens!ition  of  five  dollai-s:  said  pt'i 
diem  compensation,  and  the  salaries  to  be  paid  the  secretary  and  treaii 
urer,  shall  l>e  included  in  said  estimate  hereinbefore  mentioned. 

33.  Any  such  sewerage  board  is  authorized  and  empowered  to  rem 
an  office  or  oflices  as  may  be  reciuired  for  the  due  transaction  ant 
carrying  out  of  its  work  and  duties,  and  to  properly  equip  and  fiir 
niah  such  ofiice  or  offices,  the  expense  thereof  to  be  included  in  sait^ 
estimate  mentioned  in  section  twenty-six  hereof. 

34,  This  act  shall  take  effect  immediately. 
Approved  March  24,  1899. 

(LanRonSIK.  p.  ]U%.  chap.  4(i.| 

AN  ACT  anthorizing  the  appointment  and  defining  the  powers  and  duties  of  cor 
TniBsionera  in  sewage  and  drainage  districts  tTeateil  for  tlie  purpose  of  relievJJ 
the  streams  and  rivers  therein  from  jiollntion.  anil  to  provi'le  a  plan  for  tJ 
prevention  thereof,  and  providing  for  the  raising,  expenditure,  and  paynient  • 
moneys  necessary  for  this  purpose. 

Be  if  euii'.-t-eii  by  the  senate  and  general  (i.tsemhly  tif  the  State  nf  AV. 
Jerseij: 

1.  Upon  the  creation  and  incorporation  by  the  legislature  of  an 
sewerage  and  drainage  district  for  the  purpose  mentioned  in  tho  titl 
of  this  act  it  shall  he  the  duty  of  the  governor  of  this  State  forthwit 
to  appoint  therein  and  therefor  five  able  and  discreet  men,  i-esideni 
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within  BVteh  district  (hAving  regard  in  making  such  appointments  to 
i    loeality,  so  that  each  section  of  the  district  may  be  represented,  as 
fur  as  practicable),  who,  when  so  appointed,  commissioned,   and 
sworn,  shall  constitate  a  board  of  commissioners,  to  be  known  as  the 

district  sewerage  and  drainage  commissioners  (inserting  in 

each  ease  in  the  blan£  space  the  name  of  the  district  designated  in 
the  act  of  incorporation),  and  the  persons  so  appointed  shall  receive 
M  eompensation  for  their  services  an  annual  salary  of  twenty-five 
handred  dollars,  payable  in  equal  monthly  installments.  In  making 
the  first  appointments  nnder  this  act  the  members  of  the  said  board 
duill  be  appointed  as  follows:  One  for  a  term  of  one  year,  one  for  a 
tena  of  two  years,  one  for  a  term  of  three  years,  one  for  a  term  of 
[  foaryears,  and  one  for  a  term  of  five  years,  and  thereafter  one  shall  be 
appointed  each  year  for  a  term  of  five  years.  Any  vacancy  occurring 
in  tiie  said  board  by  death,  resignation,  or  otherwise,  shall  be  filled 
in  the  same  manner  as  the  original  appointment  for  the  balance  of 
the  term.  Each  of  the  said  commissioners  so  appointed  shall,  before 
they  enter  upon  the  duties  of  their  ofiiee,  take  and  subscribe  an  oath 
that  they  will  faithfully  and  impartially  execute  and  perform  the 
dnties  imposed  upon  them  by  law,  and  cause  the  same  to  be  filed  in 
the  office  of  the  secretary  of  state  of  this  State.  The  governor  of  this 
State  shall  have  power  to  remove  such  commissioners  from  ofiiee  for 
came  during  their  term  of  office  and,  upon  removal,  to  fill  the  vacancy 
thus  occasioned  for  the  unexpired  term  in  the  manner  herein  pro- 
vided  for  filling  vacancies. 

2.  The  naid  board  shall,  as  soon  as  may  be  after  appointment,  and 
annually  thereafter  on  the  first  Tuesday  in  May  in  each  year,  organize 
by  the  choice  of  one  of  its  members  as  chairman,  and  may  elect  a 
clerk,  who  may  or  may  not  be  a  member  of  the  said  board,  and  may 
from  time  to  time  appoint  such  agents,  officers,  and  servants  and 
employ  such  engineers  and  assistants  as  it  may  deem  necessary  to 
carry  out  the  purposes  of  this  act,  and  may  determine  their  duties 
ftnd  compensation  and  remove  the  same  at  its  pleasure. 

3.  The  said  board  of  commissioners,  when  duly  organized,  shall  be 
deemed  to  be  and  shall  become  a  body  corporate,  with  power  to  sue 
*nd  be  sued  and  with  the  right  to  acquire,  hold,  use,  and  dispose  of 
*ll  such  proixjrty  *i8  may  be*  necessary  for  the  uses  and  purposes  for 
^hich  the  said  board  was  created  and  with  all  other  necessary  powera 
incident  to  corporate  bodies. 

4.  When  duly  organized,  the  said  commiasioners  shall  at  once, 
^ith  the  aid  and  assistance  of  such  engineei's  and  other  agents  as 
^hey  may  deem  proper,  proceed  to  investigate  methods  and  plans  for 
*^lieving  the  streams  and  rivers  within  the  said  district  from  pollu- 
tion and  for  pi-eveniing  the  pollution  of  the  same,  and  to  determine 
^lie  apportionment  of  the  <»apacity  of  sewer  provided  for  each  munici- 
pality in  any  intercepting  sewer,  sewers,  or  disjmsal  works:  Provided^ 
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Iliftt  before  A  ftnol  lU'lui-iniimlioii  an  tv  th(>  plan  ut*  method  to  be 
adopted  for  tli«  ptirpus*',  nu  oppurtunity  hIirU  Im>  given  thc^  governing  I- 
body  of  each  mQnioi|i;ilil_v  u>  be  heard  in  i-eUtlon  thereto,  and  after 
said  bearing,  as  soon  ;is  ilm  said  commissiDiiera  have  adopted  &  pkii 
or  method  for  this  purpose,  they  ufaall  i-eport.  tlie  same  to  th«  respec- 
tive nmnlcipalities  erf  tlii^  distrid  and  to  the  legitdatnre  of  this  SWte, 
together  with  a  bill  providing  therefor  and  for  the  expenses  thereof. 

5.  Before  determinint;  upon  the  fmal  plan  or  route  for  the  building 
oi>  oonstmotioD  of  any  work  investigated  under  thin  act  the  said  bosid 
mi^,  by  its  offloers,  agents,  tuervants,  and  employees,  enter  at  all  times 
upon  any  lands  or  watere  for  the  purpose  of  exploring,  surveying, 
leveling,  and  laying  out  the  route  of  any  drain  or  sewer,  locating  any 
disposal,  pumping,  or  other  works,  establishing  grades,  and  i\oing  all 
necessary  preliniinai^'  work  in  the  way  of  designating  locations,  doing, 
however,  no  oniieoessary  damage  or  injur>'  to  private  or  other 
pK^ierty. 

6.  The  said  board  Hhall  at  all  times  keep  full  and  accurate  accouiit 
of  ita  receipts  and  expenditures,  disbursements,  assets,  and  liabiUtiee, 
Mid  shall  annoally  cause  a  detailed  Htatenienl  thereof  to  be  published 
i^  one  or  more  newspapers  published  or  cirenlating  in  the  respective 
municipalities  in  said  district. 

7.  To  provide  for  the  payment  of  the  cost  and  expense  incurred  or 
to'  be  inoarred  by  thc^  said  board  in  investigating  and  performing  tbe 
duties  imposed  upon  it  by  this  act,  one-half  of  said  cost  of  expense 
shall  be  paid  out  of  the  State  treasury  on  certificate  of  the  governor 
to  the  comptroller,  wtui  8hall  draw  liis  warrant  on  the  State  treasurer 
in  favor  of  the  said  boat-d  for  the  amount  thei-cof,  the  same  lo  be 
ascertained  on  a  duly  verified  statement  ot  such  expenBes  being  tiled 
with  the  governor  and  in  the  office  of  the  secretary  of  state;  as  to  the 
lialance  of  the  said  costs  and  expense  incurred  or  to  be  incurred 
under  this  act,  the  said  board  shall  have  power  and  authority: 

I.  To  issue  from  time  to  time,  for  the  said  one-half  of  the  co-sts  and 
expeuses,  temporary  certificates,  to  run  for  a  period  not  to  exceed 
two  years,  the  aggregate  issue  of  said  certificates  not  to  exceed  the 
sum  of  twenty-five  thousand  dollai-s;  such  certificates,  when  issued, 
shall  be  deemed  and  considered  the  indebtedness  of  the  sewerage  and 
drainage  district,  and  shall  constitute  a  charge  upon  persons  and 
property  therein,  and  shall  be  retired  and  paid  in  the  manner  herein- 
after provided. 

II.  The  said  board  shall  have  power  and  authority  to  order  and 
cause  atax  to  be  levied,  assessed,  and  collected  upon  persons  and  prop- 
erty within  the  said  sewerage  and  drainage  district,  the  proceeds  of 
which  to  be  used  in  payment  of  the  said  certificates  and  the  interest 
due  and  to  grow  due  thereon;  the  amount  to  be  assessed  and  collected 


WDXLL.]     SBVEBE   STATUTE   RE8TBICTION8 NEW   JERSEY.  89 

1  the  respective  municipalities  composing  such  districts  shall  be 
etermined  by  the  said  board,  and  shall  be  apportioned  according  to 
le  taxable  ratables  of  the  last  preceding  year  as  returned  by  the 
ixing  officers  in  said  district,  and  a  certificate  by  the  said  board 
tiall  be  filed  with  the  taxing  officers  of  such  municipalities  compos- 
ig  the  said  sewerage  district,  and  it  shall  be  the  duty  of  the  taxing 
fficers  within  the  said  municipalities  included  in  the  said  sewerage 
ad  drainage  district,  to  levy,  assess,  and  collect  and  x>&y  over  to  the 
iid  commissioners  any  tax  ordered  by  them  to  be  assessed  by  virtue 
f  the  provisions  of  this  act. 

8.  It  shall  be  the  duty  of  the  said  board  annually  to  make  and  file 
ith  the  secretary  of  state  of  this  State  a  report  showing  the  amount 
f  money  received  by  it  for  the  purposes  aforesaid,  sources  from 
r^hich  money  was  received,  and  the  (expenditure  of  the  same;  and  it 
ball  be  the  duty  of  the  said  board  to  keep  an  account  of  all  certifi- 
ates  issued  by  it,  when  the  same  fall  due,  the  time  and  place  of  pay- 
lent,  the  rate  of  interest  thereon,  and  of  the  amount  received  on  the 
file  or  disposition  thereof;  and  the  books,  records,  accounts,  papers, 
nd  documents  of  the  said  board  shall  be  open  for  the  inspection  of 
lie  governor  of  this  State,  or  any  person  or  persons  whom  he  may 
ppoint  to  inspect  the  same. 

9.  For  the  purpose  of  carrying  out  the  provisions  of  this  act  with 
ispatch  the  sum  of  twenty- five  thousand  dollars  is  hereb}^  appropri- 
ted  by  the  State  out  of  any  moneys  now  in  the  State  treasury  not 
therwise  appropriated,  and  the  governor  is  hereby  authorized  and 
mpowered  to  give  an  order  on  the  comptroller  for  advanced  pay- 
aents  to  the  said  board  on  account  of  the  State's  share  of  such 
xpenses  to  be  incurred. 

10.  When  the  said  board  of  commissioners  are  appointed  and  organ- 
zed  under  this  act  it  shall  have  absolute  control  of  and  supervision 
>ver  the  prevention  of  pollution  throughout  the  said  sewerage  or 
Irainage  district  for  which  the  said  comniissiontMs  were  appointed, 
exclusive  of  any  other  body  or  board  in  this  State  now  having  control 
)f  the  same:  Provided^  however^  That  nothing  herein  contained  shall 
n  any  way  affect  or  delay  or  interfere  with  any  action  or  proceedings 
wrhich  may  have  heretofore  becai  taken  by  the  State  sewerage  eonimis- 
jion  for  the  purpose  of  preventing  pollution  in  said  sewerage  district, 
3r  that  may  hereafter  be  taken  by  said  State  sewerage  commission  for 
the  enforcement  thereof. 

11.  All  acts  or  parts  of  acts  inconsistent  with  the  provisions  of  this 
act  be,  and  the  same  aie  hereby,  repealed,  and  this  act  shall  tiike 
effect  immediately. 

Approved  March  27,  r.K)2. 
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AH  ACT  torelievofrompollutionlUeiriverBaniiHtTeaius  within  the  PaseaicVa 
BewerAge  di^rict.  estAbliBbM  and  defined  by  iin  mt  of  the  legieLatnn^  imti 

"An  act  to  create  a  mvetage  dlstriL-t  to  lie  called  the  Passaic  Volley  sewn 
district." approved  March  twenty-seventh,  iinethcuisajd  ninehnndrwl  andl 
aud  for  tliia  purpose  (Wtablishiiig  therefor  a  district  board  of  con.  miss  lot 
deflning  its  powers  and  dntiaj,  and  providing  for  the  appointment,  tenn 
office,  duties,  and  compeunutiou  of  xach  couiiniMKionerH,  and  fnrther  provli 
for  the  raising,  collecting,  and  espsnditnre  of  the  necessary  inon«7s. 

Whereas  tlie  logislatui-eof  this  State  hasfreated  and  defined  as 
i  eragc  district,  emhramng  a  large  number  of  municipftiitjes  and  pi 
of  uiuuieipalities,  in  the  counties  of  Pjisaaic,  Bergen,  Hudson, 
Essex,  under  the  name  of  the  Paswaif  Valley  sewerage  district;  an 

Whereas  the  Pftssait'  River  and  many  streams  flowing  iiit4 
within  said  sewerage  district  are  polluted  by  sewage  and  other  d 
terioun  m&ttx-T  to  the  extent  tliat  the  health  of  tlie  people  residini 
'Said  district  in  seriously  endangered;  and 

Whereas  irainediatft  relief  therefrom  is  imperative;  and 

Whereas  the  governor  of  this  State,  t>y  sanotion  of  the  legislnti 
'  haa  appointed  Ave  commissioners  for  said  distrirt  with  power,  am 
other  things,  tn  investigate  methods  and  plans  for  relieving  th<»  strei 
and  rivers  within  said  district  from  pnlhition.  and  for  preventing 
pollution  ..f  tht'  n.imo:  find 

Whereas  said  commissioners  have  adopted  an  effectual  plan 
method  for  relieving  the  streams  and  rivers  within  said  district  f 
pollution,  and  for  preventing  the  pollution  of  the  same,  and  h 
reported  said  plan  or  method  to  the  legislature;  and 

Whereas,  in  order  to  carry  into  elTeet  such  plan  or  method,  v 
BQch  modificationaor  additions  thereto  as  shall  hereafter  be  appro 
by  said  commissioners,  it  is  necessary  that  further  and  greater  iw 
be  given  to  said  commissioners: 

Be  it  eiiacteil  by  the  senate.  <tnd  general  annemblfi  of  the  SUili 
New  Jersey: 

1.  The  commissioners  heretofore  appointed  by  the  governor  of 
State  in  and  for  the  Passaic  Valley  sewerage  district  sliall  conti 
in  their  respective  offices  for  the  terms  for  which  they  were  sever 
appointed,  and  said  terms  are  hereby  exl«nde<l  to  the  first  Tues 
of  May  succeeding  the  date  when  tlx-ir  terms  under  said  appointm< 
would  respectively  e.tpire;  and  hen*after  one  commissioner  shal 
appointed  by  the  governor,  by  and  with  the  advi<!e  and  consent  of 
senate,  in  each  year  for  a  term  of  five  years,  beginning  on  the 
Tuesday  of  May  next  following  the  dat«  of  his  appointment, 
vacancy  occurring  in  the  office  of  eotuinissiouer  by  death,  resigual 
or  otherwise  shall  l>e  filled  by  the  governor,  but  for  the  unexp 
term  only.  Each  of  the  said  eommi.ssionei's  hei-eafter  appointed,  be 
he  enters  upon  the  duties  of  his  office,  shall  take  and  subsorib 
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oith  that  he  will  faithfully  and  impartially  execute  and  perform  the 
duties  imposed  upon  him  lyy  law,  and  cause  the  same  to  be  filed  in 
the  office  of  the  secretary  of  state  of  this  State.    The  commissioners 
•hall  each  receive  for  services  under  this  act  an  annual  salary  of 
t«enty-five  hundred  dollars,  payable  in  equal  monthly  installments, 
tnd  the  said  commissioners  shall  henceforth  receive  no  other  com- 
[  peiiBStion  than  that  provided  under  this  act.    The  governor  of  this 
\  State  shall  have  power  to  remove  any  commissioner  from  office  for 
cause  during  his  term  of  office,  and  upon  removal  to  fill  the  vacancy 
thus  occasioned  for  the  unexpired  term.     In  making  appointments, 
either  for  full  terms  or  to  fill  vacancies,  regard  shall  be  had  by  the 
governor  both  to  ability  and  fitness,  and  also  to  locality,  so  that  each 
i  section  of  the  district  may  be  represented  as  far  as  practicable.    No 
I  commissioner  shall  be  directly  or  indirectly  interested  in  any  contract 
I  awarded  under  the  provisions  of  this  act,  nor  in  furnishing  materials  or 
I   supplies  therefor  to  any  contractor,  nor  in  furnishing' security  for  the 
f   performance  of  any  contract.     If  at  any  time  it  shall  appear  to  the 
^   satisfaction  of  the  governor  of  this  State  that  any  commissioner  is  or 
^   has  been  so  interested,  or  is  or  has  been  a  stockholder  in  any  corpora- 
tion famishing  material  or  suppplies  to  any  contractor  for  work  done 
or  to  be  done  under  the  provisions  of  this  act,  or  that  he  is  the  owner  of 
any  lands  or  water  or  water  rights  taken  or  to  be  taken  or  used  in  or  for 
the  construction  of  any  work  under  the  provisions  of  this  act,  or  a  stock- 
holder in  any  corporation  owning  or  leasing  any  such  lands  or  waters 
or  water  rights,  it  shall  be  the  duty  of  the  governor  to  remove  such 
commissioner  from  office  forthwith,  and  all  contracts  made  by  such 
sewerage  commissioners  wherein  any  such  commissioner  shall  have 
been  interested,  directly  or  indirectly,  as  aforesaid,  or  otherwise,  shall 
thereupon  become  and  be  null  and  void,  and  no  further  payments  on 
account  thereof  shall  be  made  by  said  sewerage  commissioners. 

2.  The  said  commissioners  shall,  on  the  first  Tuesday  in  May  of 
each  year,  at  the  hour  of  two  o'clock  in  the  afternoon,  organize  by 
the  choice  of  one  of  their  members  as  chairman  of  the  board,  and  they 
nuiy  elect  a  treasurer,  who  may  or  may  not  be  a  member  of  the  board, 
and  a  clerk,  who  may  or  may  not  be  a  member  of  the  boaixi,  and  may 
also  from  time  to  time  appoint  such  other  officers,  attorneys,  agents, 
<^niployees,  and  servants,  and  such  engineei^s  and  assist^mts  as  they 
Diay  deem  necessary  to  carry  out  the  purposes  of  this  attt,  and  may 
prescrite  the  duties  and  fix  the  couipc^nsation  of  all  officers,  attorneys, 
agents,  employees,  servants,  engineers,  and  assistants;  and  all  ap- 
pointees of  said  commissioners  may  be  reniovc^d  at  their  pleasure. 
iTie organization  of  said  board  and  the  appointment  of  officers,  agents, 
clerks,  servants,  engineers,  and  assistants  heretofore  made  by  the 
said  board  shall  have  tho  same  effect  as  if  made  under  this  act. 

3.  The  said  (M)nnnissi()n<»rs  heretofore  appointed  and  their  succes- 
sors in  office  an^  and  shall  continue  to  l)e  a  boily  politic  and  corporate, 
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with  perpetual  succession  under  the  name  of  **  Passaic  Valley  sewer- 
age commissioners,"  with  power  to  sue  and  be  sued,  with  power  to 
adopt  and  use  a  corporate  seal,  and  the  right,  power,  and  authority 
to  acquire,  hold,  use,  and  dispose  of  all  such  property,  real  and  per- 
sonal, as  may  be  proper  or  necessary,  and  with  all  other  powers  proper 
or  necessary  to  carry  out  and  effectuate  the  purposes  for  which  said 
board  is  created. 

4.  The  board  of  Passaic  Valley  sewerage  commissioners,  incorpo- 
rated as  aforesaid,  is  hereby  given  full  power  and  authority  to  make, 
construct,  maintain,  and  operate  intercepting,  main,  trunk,  and  out- 
let sewers  with  the  necessary  pipes,  conduits,  pumping  works,  and 
other  appliances  for  the  purpose  of  taking  up,  within  the  said  Pas- 
saic Valley  sewerage  district,  sewage  and  other  offensive  and  dele- 
terious matter  which  would  or  might  otherwise  pollute  the  streams 
and  rivers  in  said  district  and  convey  the  same  to  some  proper  place  or 
places  of  deposit,  discharge,  or  outfall  in  the  New  York  Bay,  within  the 
Stateof  New  Jersey,  to  be  selected  by  the  said  sewerage  commissioners, 
there  to  be  discharged,  which  place  or  places  of  deposit,  discharge,  or 
outfall  shall  be  at  least  one  and  one-quarter  miles,  measured  at  right 
angles,  in  an  easterly  direction,  from  the  exterior  line  for  solid  filling 
in  the  New  York  Bay,  as  now  established  by  the  riparian  commis- 
sioners of  this  State,  and  in  a  tidal  channel  of  not  less  than  forty 
feet  in  depth  at  mean  low  water;  and  the  said  sewerage  commissioners 
shall  also  have  power  to  est^iblish  within  said  sewerage  district,  when 
necessary,  sewage  disposal  works  and  works  for  the  treatment,  Jisin- 
fecting,  and  disposal  of  sewage:  Provided,  hoiverer,  That  no  sewage 
dis[H»sal  work  and  works  for  the  treatment,  disinfecting,  and  disposalof 
sewage  shall  be  erected,  established,  or  maintained  within  the  dis- 
tance of  five  miles  from  the  outfall  of  said  trunk  sewer  herein  pro- 
vided for:   Provided,  hoirever,  That  nothing  herein  contained  shall  in 
any  way  be  construed  to  allow  or  permit  said  sewerage  commission 
to  establish  or  build  more  than  one  sewage  disposal  works  or  more 
than  one  plant  or  works  for  the  treatment,  disinfecting  or  disposalof 
sewag(^;  no  contract/  of  any  kind  shall  be  awarded  at  any  one  time 
for  more  Hum  one  million  dollars:   Provided,  hotcever,  That  this  pro- 
vision  sliall   not   api)ly   to  the  sale  of  bonds.     All  work   done  aiu^ 
materials  purchased  in  the  prosecution  of  said   work  or  works,  the 
cost  of  which  shall  (exceed  iive  thousand  dollars,  shall  be  by  eontnu't 
awarded,  after  due  advertisement,  to  the  lowest  responsible  hiddei*' 
aiid   all  contractors  shall  b<»   required  to  give  bonds  satisfactory  in 
security  and  amount  to  the  said  hoard;  and  no  contract  involvin|j:rtn 
expenditun^  of  more  than  twenty-fiv(»  thousand  dollai*s shall  be  awardetl 
until  after  th(^  same  shall  have  been  submitted  to  and  approved  hy 
the  governoi-:   Provided,  'I'liat  no  contract  for  any  of  the  work  here^^ 
requinMl  to  be  performed  ])y  contract  shall  be  awarded  except  on  tl^^ 
expivsH  sf/puJation  that  so  lor  as  vrvvc^Ueable  all  said  work  shall  ^^ 
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perfarmed  by  nnion  labor,  and  preference  shall  be  given  to  citizens 

of  the  state  of  New  Jersey. 

5.  It  shall  be  the  dnty  of  all  persons,  eorx)orations,  and  munieipali- 

tiMu-owning  or  controlling  the  sewers  or  drains  within  the  limits  of 

said  sewerage  district,  which  discharge  directly  or  indirectly  into  the 
streams  or  rivers  within  the  said  sewerage  district  any  sewage  or 
deleterious  matter,  to  cause  the  same  to  be  connected  with  and  to  be 
discharged  into  the  sewers  constructed  by  the  said  sewerage  commis- 
sioners when  the  same  shall  have  been  constructed,  and  at  the  places 
which  shall  have  been  designated  for  that  puri)ose  by  the  said  sewer- 
age commiBsioners;  all  sewers  and  drains  hereafter  constructed  by 
aoy  person,  corporation,  or  municipality  within  the  said  sewerage 
district  conveying  or  discharging  sewage  or  other  deleterious  matter, 
which  might  otherwise  discharge  into  or  be  discharged  into  the  streams 
or  rivers  within  the  said  sewerage  district,  directly  or  indirectly,  shall 
be  so  constructed  that  the  outfall  or  discharge  therefrom  shall  be  deliv- 
ered into  the  drains  or  sewers  provided  by  the  said  sewerage  commis- 
sioners at  the  points  and  xtiaces  designated  by  the  said  commissioners; 
and  it  shall  be  the  duty  of  the  said  sewerage  commissioners,  in  con- 
stmcting  said  intercepting  or  main  sewers,  to  have  them  so  con- 
stmcted  that  connection  therewith  can  be  made  at  necessary  or  proper 
points;  and  all  such  connections  shall  be  made  in  accordance  with  the 
roles  and  r^ulations  from  time  to  time  adopted  by  the  said  sewerage 
commissioners  in  relation  thereto,  and  under  the  direction  and  super- 
vision of  their  officers  and  agents,  and  all.  such  connections  shall  be 
the  property  <»f  such  sewerage  commissioners;  the  main,  intercepting 
or  trunk  sewer  to  be  constructed  by  the  said  sewerage  commissioners 
shall  commence  at  or  near  the  Valley  of  Rocks,  in  the  city  of  Pater- 
son,  and  shall  extend  to  the  point  of  discharge  or  outfall  in  the  New 
York  Bay,  within  the  limits  of  the  State  of  New  Jersey;  before  anj^ 
moneys  expended  or  obligations  are  incurred  for  the  construction  of 
any  truuk  or  outlet  sewer  which  shall  discharge  into  New  York  Bay, 
the  said  board  shall  carefully  investigate  whether  said  discharge  is 
likely  to  pollute  the  waters  of  said  bay  within  the  jurisdiction  of  the 
State  of  New  York  to  such  an  extent  or  in  such  a  degree  as  to  cause  a 
nuisance  to  persons  or  property  wilhin  sai<l  State,  and  shall  present 
the  result  of  their  invo,stigation  to  the  governor  with  their  opinion 
thereon  and  the  reasons  for  their  opinion;  and  thereupcm  the  same 
shall  be  considei*ed  by  the  governor  and  the  attorney-general,  and  no 
work  shall  be  dime  or  further  proceedings  taken  unless  the  attorney- 
general  shall,  in  writing,  advise  that  no  cause  of  action  either  for 
damages  or  an  injunction  will  aris(^  in  favor  of  the  State  of  New  York 
or  any  of  it«  inhabitants  by  reason  of  such  discharge  of  sewage  into 
the  watei*s  of  New  York  Bay,  and  the  governor  shall,  b\^  order,  in 
writing,  advise  said  board  that  in  his  judgment  it  is  safe  and  prudent 
to  proceed  with  its  work,  due  regard  being  had  to  all  the  risks  and 
^Angers  of  injunctive  litifxntion. 
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6.  The  said  sewerage  commissioners  shall  have  power  and  authority 
to  purchase  and  acquire  lands  and  rights  or  interests  in  lands  within 
and  without  the  said  sewerage  district  which  may  be  deemed  neces- 
sary for  the  construction  of  sewers,  drains,  disposal,  pumping  or  other 
works  authorized  by  this  act,  but  no  ventilating  plant,  sewage  dis- 
posal works,  or  works  for  the  treatment,  disinfecting,  or  disposal  of 
sewage  shall  be  erected  or  maintained  outside  of  said  sewerage  dis- 
trict; and  if  in  any  case  the  said  sewerage  commissioners  shall  b© 
unable  to  agree  with  the  owner  or  ownei-s  of  any  lands  or  rights  or 
interests  in  lands  deemed  necessary  by  said  sewerage  commissioners 
in  the  construction  and  prosecution  of  the  work  hereby  authorized , 
or  when  by  reason  of  legal  incapacity  or  absence  of  such  owner  or 
owners  no  agreement  can  be  made  for  the  purchase  thereof,  the  land^^ 
or  rights  or  interests  in  lands  so  deemed  necessary  for  the  purposes  o  ^ 
this  act  shall  be  acquired  by  condemnation  by  the  said  sewerage  com.  — 
missioners  in  the  manner  provided  by  the  general  laws  of  this  Stat 
relating  to  the  condemnation  of  lands  for  public  uses:  Provided,  Tha 
no  private  property  shall  be  taken  for  the  purposes  of  this  act  withou 
compensation  therefor  shall  have  first  been  made  or  tendered  to  th 
owner  or  owners  thereof,  or,  in  lieu  thereof,  paid  to  the  clerk  of  th 
county  in  which  the  lands  taken  are  located  for  the  use  of  the  perso 
or  persons  entitled  to  receive  the  same;  and  in  case  such  payment  o 
tender  to  the  owner  or  owners,  or  payment  into  court,  is  made  by  th 
said  sewerage  commissioners  upon  the  award  of  commissioners,  th 
said  sewerage  commissioners  shall  be  (entitled  to  take  immediate  i)os— 
session  of  the  property  so  condemned,  notwithstanding  any  appeal, 
and  the  acceptance  l)y  the  owner  or  owners  of  the  lands  or  rights  s(^ 
condemned  of  any  award  of  commissioners  shall  not  interfere  with  oi — 
prevent  the  taking  of  any  appeal  provided  by  law. 

7.  The  said  board  of  sewerage  commissioiiei*s  shall  have  power  t^:^ 
construct  any  sewer  or  drain  b}'  it  to  be  made  or  constructed  under  or* 
over  any  water  (*ourse,  under  or  over  or  across  or  along  any  streets 
turnpike,  railway,  canal,  highway^  or  other  way,  and  in  or  upon  pri- 
vate or  public  lands,  and  in  or  upon  lands  of  this  State  and  under 
waters  of  this  State,  in  such  manner,  however,  as  not  unnecessarily  to 
obsti  net  or  impede  travel  or  navigation,  and  may  <»nter  upon  and  (Ur^ 
up  any  street,  road,  highway,  or  private  or  pnl)lic  lands  either  withi^^ 
or  without  the  said  sewerage  district  for  the  purpose  of  constructiiir^ 
or  laying  sewers  oi-  di-ains  upon  or  beneath  the  surface  ther<x)f,  an*^ 
for  maintaining  and  opeiating  t lie  same,  and   in  g(»neral  may  do  a^^ 
other  acts  or  things  n(M*essary,  convenient,  and  propei*  to  carry  oi^  ^ 
th(?  purposes  of  this  act ;  but  no  part  of  said  sewer  where  laid  unde^ 
the  waters  of  this  State  bevond  the  exterior  lines  for  solid  fillinir,  a^ 
established  by  the  riparian  commissioners  of  this  State,  shall  in  hhu^ 
Newark  Bay  be  above  an  elevation  of  thirty  feet  below  mean   low^ 
Waaler,  or  shall  in  said  New^  York  Bay  be  above  an  elevation  of  thirty-^ 
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five  feet  below  mean  low  water;  and  the  said  board  of  sewerage  com- 
missioners shall  have  power,  for  the  purpose  of  carrying  such  sewage 
or  other  matter  to  the  place  of  deposit  or  discharge  in  New  York  Bay, 
to  construct  sewers  within  territory  outside  of  the  said  sewerage  dis- 
trict, and  with  its  sewers,  pipes,  and  drains  to  pass  through  or  partly 
through  the  territory  of  municipalities  outside  of  said  sewerage  dis- 
trict; and  whenever  the  said  board  shall  dig  up  any  road,  street,  or 
highway  as  aforesaid,  it  shall,  as  far  as  possible,  restore  the  same  to 
as  good  condition  and  order  as  the  same  was  when  such  digging  com- 
menced: Provid^dy  however ^  That  when  such  streets,  roads,  or  high- 
ways lie  outside  of  such  sewerage  district,  the  laying  down  of  sewers 
or  drains  under  or  across  said  streets,  roads,  or  highways  shall  be 
subject  to  such  police  regulations  of  the  governing  boilies  of  such 
municipalities  as  are  applicable  and  enforceable  in  the  construction  of 
sewei-s  or  drains  for  such  municipality. 

8.  The  said  sewerage  commissioners  shall  have  power  and  authority 
o  alter  or  change  the  course  or  direction  of  any  watercourse,  and, 
*^ith  the  consent  of  the  township  committee  of  any  township  and  of 
he  board  or  body  having  control  of  the  streets  or  highways  in  any  city, 
own,  or  other  municipality,  to  alter  or  change  the  grade  or  location  of 
Hy  highway,  public  street,  or  way  crossed  by  any  sewer  or  drain  to 
o  constructed  under  the  provisions  of  this  act. 

9.  The  said  board  of  sewerage  commissioners  may,  by  its  officers, 
g^ents,  servants,  and  employees,  enter  at  all  times  upon  any  lands  or 
'Hters  within  or  without  the  said  sewerage  district  for  the  purpose  of 
scploring,  surveying,  leveling,  and  laying  out  the  route  of  any  drain  or 
^wer,  locating  any  disposal,  pumping,  or  other  works,  establishing 
trades, and  doing  all  necessary  preliminary  work;  doing,  however,  no 
nnecessary  damage  or  injury  to  private  property. 

10.  The  said  board  of  sewerage  commissioners  shall  at  all  times  keep 
till  and  accurate  accounts  of  its  receipts,  expenditures,  disbursements, 
od  liabilities,  and  shall  annually  cause  a  detailed  statement  thereof 
>  be  published  and  a  copy  thereof  mailed  to  the  secretary  of  state  of 
lis  State  and  to  thec^lerkof  each  of  the  municipalities  in  the  district. 
'he  iiscal  year  of  sai<l  sewerage  commissioners  shall  end  on  the  first 
'uesday  of  May  in  each  year,  and  said  report  so  to  be  published  shall 
e  a  report  for  the  previous  fiscal  year,  and  shall  be  made  as  soon 
fter  the  end  of  each  fis(;al  year  as  conveniently  may  be;  and  the 
tayor  or  chief  officer  of  any  city  or  other  municipality  included 
''ithin  said  drainage  district  shall  l)e  given  full  access  to  all  the  bo  )ks, 
ccounts,  and  vouchers  of  tlie  said  board,  at  all  reasonable  times,  for 
tie  purpose  of  examination  and  rt»port  in  the  interest  of  such  munici- 

alities,  respectively,  and  of  the  taxpayers  therein. 

11.  To  provide  for  the  payment  of  costs  and  expenses  incurred  or 

t>  be  incurred  by  tli(»  said  sewerage  (commissioners  for  the  purchase 
^  lands,  rights,  or  interests  in  lands  or  other  property  or  rights,  and 
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in  the  construction  of  said  disposal  works,  pumping  stations,  sewers, 
drains,  and  all  other  works  by  them  to  be  constructed,  and  for  engi- 
neering, administrative,  and  other  expenses  connected  therewith, 
including  interest  during  construction,  said  board  of  sewerage  com 
missioners  shall  have  power  from  time  to  time  to  issue  its  corporate 
bonds  in  an  amount  not  to  exceed  nine  million  dollars  and  not  to 
exceed  the  total  estimated  cost  and  expenses  of  the  whole  work;  such 
bonds  shall  be  in  the  form  and  payable  at  a  time  not  exceeding  fifty 
years  from  the  date  theieof  and  at  such  places,  and  either  in  cur- 
rency or  coin,  as  the  said  sewerage  commissioners  may  determine; 
such  b<mds  shall  bear  interest  at  a  rate  not  exceeding  four  per  centum 
per  annum,  payable  semiannually;  all  such  bonds  shall  be  signed  by 
the  chairman  of  the  said  board  of  sewerage  commissioners  and  coun- 
tersigned by  the  treasurer,  and  shall  be  sealed  with  its  corporate  seal, 
attested  by  the  clerk;  in  issuing  such  bonds  the  board  of  sewerage 
commissioners  maj',  in  its  discretion,  make  the  same  or  any  part 
thereof  fall  due  at  stated  periods  less  than  fifty  years  from  the  dat^ 
of  issue,  and-  may  reserve  in  said  bonds  an  option  to  redeem  or  pay 
the  same  or  any  part  thereof  at  stated  periods  at  any  time  between 
the  date  thereof  and  the  date  at  which  they  would  otherwise  fall  due; 
the  said  bonds  may  be  either  coupon  or  registered  bonds  or  partly 
coupon  and  partly  registered  bonds,  and  all  such  bonds  may  be 
negotiated,  sold,  and  disposed  of  at  not  less  than  their  par  value,  and 
the  same  or  the  proceeds  thereof  may  be  used  by  the  said  sewerage 
commissioners  for  the  put^oses  aforesaid;  the  said  board  of  seweragt* 
commissionei's  shall  keep  the  cost  and  expenses  of  the  construction  of 
its  plant — in  which  shall  be  included  the  cost  of  lands,  rights,  or  inter- 
ests in  lands,  and  the  cost  of  all  other  property  and  rights,  and  the 
cost  of  construction  of  all  works,  including  engineering  exi>en8es, 
administrative  expenses,  and  legal  expenses,  and  including  interest 
during  the  course  of  construction — separate  from  the  cost  and  expenses 
of  maintenance,  operation,  and  repairs;  all  sales  of  bonds  shall  be 
made  after  public  notice  and  advertisement  calling  for  bids  and  shall 
i)e  mad(^  to  the  highest  resp(msible  bidders. 

12.  The  said  board  of  sewerage  commissioners  may,  in  anticipation 
of  the  issuing  of  bonds,  and  from  time  to  time  as  it  may  need  money, 
borrow  such  sum  or  sums  of  money,  not  exceeding  at  any  one  tim^ 
one-fifth  of  th(i  (estimated  cost  of  the  whole  work,  and  may  i.ssue  it* 
certificates  of  in(l(»ht(Mlness,   promissory  notes,  or  other  obligationj^ 
then^for,  retiring  the  same  from  time  to  time  as  the  bonds  henMiilH*- 
fore  authorized  to  be  issued  are  sold.     In  ord<»r  that  the  said  l)on(l''^ 
issued  for  the  purchase^  of  land,  rights  in  land,  and  for  the  construc- 
tion of  the   works,  plant  and   extensions,  iK^tterments  and   impn>v^ 
ments  thereof  may  be   paid  and   i-etired  at.   maturity,  the  seweraj?^ 
ro/nmi.s.sioners  shall  provide  a  proper  and  suitable  sinking  fund  not 
oxceedinu;  in  amount  to  be  raised  \w  vu\\  o\\^  ^^^wc  ow^  \«^t  e,entum  <>^ 
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tiie  &oe  viQae  of  the  bonds  issued,  which  sum  shall  be  raised  annu- 
«Dy,  beghming  with  the  fifth  year  after  the  issuing  of  said  bonds,  at 
the  time  and  in  the  manner  herein  provided  for  the  raising  of  the 
mmieys  necessary  to  pay  the  interest  on  said  bonds.  The  money  Sq 
nused  for  sinking-fund  purposes  shall  be  kept  in  a  separate  account 
by  the  treasurer  of  the  board  of  sewerage  commissioners,  and  shall, 
under  its  direction,  be  used  or  invested  from  time  to  time  in  the  pur- 
chase or  retirement  of  its  own  bonds,  or  in  the  purchase  of  securities 
in  which  savings  banks  and  savings  institutions  of  this  State  are 
authorized  to  invest. 

13.  All  indebtedness  of  the  said  board  of  sewerage  commissioners 
incurred  for  the  purchase  of  lands,  rights  or  interests  in 'land  or  other 
property,  and  in  the  construction  of  its  works  or  plant,  or  otherwise 
lawfully  incurred,  pursuant  to  the  provisions  of  this  act,  whether 
such  indebtedness  is  represented  by  bonds,  certificates  of  indebted- 
ness, promissory  notes,  or  other  form  of  indebtedness,  with  interest 
accrued  or  to  accrue  thereon,  shall  be  a  charge  upon  all  persons 
and  property  in  the  municipal  or  taxing  districts  lying  in  whole  or 
in  part  within  said  sewerage  district  as  fully  as  the  legislature  of 
this  State  shall  have  power  to  authorize  the  same;  and  all  bonds, 
certificates  of  indebtedness,  promissory  notes  and  other  obligations 
issued  by  the  said  board  of  sewerage  commissioners  shall  be  free 
from  all  State,  county,  municipal,  and  other  taxes,  and  the  property, 
real  and  i>ersonal,  of  the  said  board  of  sewerage  commissioners  held 
by  it  tinder  authority  of  this  act,  wherever  situated,  shall  in  like  man- 
ner be  free  from  taxation. 

14.  The  said  sewerage  commissioners  shall,  on  or  before  the  fifteenth 
day  of  June  in  each  year,  ascertain  and  determine  the  amount  of 
money  necessary  to  be  raised  for  the  payment  of  interest  upon  bonds 
and  other  indebtedness  and  for  sinking-fund  charges  for  the  current 
fiscal  year,  and  shallapportion  the  same  among  the  respective  munici- 
palities and  taxing  districts  lying  in  whole  or  in  part  within  said 
sewerage  district,  in  such  proportion  as  the  taxable  ratables  within 
so  much  of  said  municipality  or  taxing  district  as  is  embraced  within 
said  sewerage  district  bears  to  the  total  amount  of  taxable  ratables 
within  the  whole  of  said  sewerage  district,  as  returned  and  certified 
by  the  resi)ective  taxing  boards  and  taxing  officers  of  the  said  munici- 
palities or  taxing  districts  for  the  preceding  year:  Provided,  lurwever, 
that  all  ratables  in  said  districit  for  this  purpose  be  assessed  at  their 
true  value;  and  it  shall  be  the  duty  of  each  assessor,  taxing  board,  or 
taxing  officer  for  the  several  municipalities  and  taxing  districts  lying 
in  whole  or  in  part  within  said  sewerage  district  for  this  purpose,  to 
examine,  compute,  determine,  and  certify  to  the  said  sewerage  board 
annually,  and  by  the  first  day  of  April  of  each  year,  the  amount  of 
taxable  property  or  ratables  assessed  in  the  last  preceding  year  to  or 
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upon  iwrsons  and  property  within  so  ninch  of  the  several  manicipali- 
ties  and  taxing  districts  as  lie  within  the  said  sewerage  district,  fmd 
the  books  of  each  of  the  said  assessors,  tsixing  boards,  and  taxing 
offieers  shall  at  all  times  be  open  for  examination  by  the  board  o( 
sewerage-  eommissioners,  its  officers  and  agents,  for  the  purpose  o( 
examining,  checking,  and,  if  ncct^ssar^',  correcting  said  eertifical*«. 

15.  The  said  board  of  sewerage  commissioners  shall,  on  or  Men 
the  fiftoenlh  day  of  June  in  each  year,  ascertain  and  determine  us 

\  near  as  may  bo  the  amount  of  money  necessary  to  be  raised  for  ope^ 
^  sting,  maintaining,  and  repairing  it-s  works  and  plant  for  the  current 
fiscal  year,  and  shall  apportion  the  money  so  estimated  to  be  neces- 
sary  among  the  several  municipalities  or  taxing  districts  lying  in 
whole  or  in  part  within  said  sewerage  district  according  to  the  amount 
of  sewage  by  them  respectively  delivered  to  or  discharged  into  any 
sewers  or  other  reeeptaclca  provided  or  constructed  by  the  said  sewer- 
age commissioners  for  the  reception  thereof.     Before  such  apportion- 
ment is  finally  made  and  adopted  by  the  sewerage  commissioners  tor 
any  year  and  on  the  fourtli  Tuesday  of  May,  at  two  o'clock  in  th« 
afternoon,  the  said  sewerage  commission  shall  sit  at  its  principal  office 
for  the  pui'pose  of  hearing  snch  municipalities  as  desire  to  be  heari 
upon  the  apportionment  of  the  estimated  amount  of  money  require>l 
for  the  operation,  maintenance,  and  repair  of  said  works  and  plant, 
but  thi'  apportionment  when  made  by  the  Siiid  sowerage  comniissioiiprs 
shall  be  final  and   conclusive;    in  case,  however,  the   estimate  of 
moneys  necessary  to  be  raised  in  any  year  for  operating,  maintaining^ 
and  repairing  the  works  and  plant  of  the  sewerage  commissioner^ 
shall,  at  the  end  of  the  year,  be  found  to  have  been  too  low,  the 
deficiency  shall  be  made  good  by  adding  the  same  to  the  estimated 
amount  required  for  operating,  maintaining,  and  repairing  the  sai4 
works  for  the  next  succeeding  year;  and  if  said  estimate  shall  Ik? 
found  to  have  been  excessive,  then  such  excess  shall  be  deducte<ft 
from  the  estimate  for  the  next  succeeding  year. 

16.  The  said  board  of  sewerage  commissioners  shall,  on  or  before^ 
the  twentieth  day  of  June  in  each  year,  order  and  cause  a  tax  t«  Ik' 
levied  and  assessed  upon  all  persons  and  property  within  each  of  the 
municipal  and  taxing  districts  lying  in  whole  or  in  part  within  said 
sewerage  district,  for  the  purpose  of  raising  the  money  necessary  to 
pay  interest  upon  its  bonds  and  other  indebtedness  and  necessary 
sinking-fund  charges  and  for  the  sum  or  sums  of  money  estimated  as 
necessary  to  provide  for  the  proper  maintenance  and  operation  of  its 
works  and  plant,  and  for  all  the  other  expenses  of  the  said  sewerage 
commissioners,  and  to  this  end  it  shall,  on  or  before  the  twentieth  day 
of  June  in  each  year,  certify  to  the  tax  assessor,  taxing  board,  or  tax- 
ing officer  of  each  of  said  municipalities  or  taxing  districts  lying  in 
whole  or  in  part  within  said  sewerage  district,  the  amount  of  tax 
required  to  be  levied,  assessed,  and  raised  in  each  of  their  respective 
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municipalities  and  taxing  districts  for  said  purposes;  and  the  said 
MBeflsors,  taxing  boards,  and  taxing  officers  shall  assess  said  sums  so 
directed  to  be  assessed  (and  certified  to  them)  upon  all  the  persons 
and  profierty  within  their  respective  municipalities  or  taxing  districts 
liable  to  be  assessed  for  State  or  county  taxes,  and  the  said  tax  shall 
be  levied,  assessed,  and  collected  by  the  same  officers  at  the  same 
time  and  in  the  same  manner  and  with  the  same  effect  as  State  or 
ooimty  taxes  are  required  to  be  levietl,  assessed,  and  collected  within 
said  municipalities  or  taxing  districts;  and  the  taxes  so  levied  upon 
real  estate  in  said  municipalities  and  taxing  districts  shall  be  and 
remain  a  fiirst  and  paramount  lien  thereon  until  paid. 

17.  Out  of  the  first  moneys  collected  in  any  year  in  any  munici- 
pality or  taxing  district,  and  not  required  by  law  to  be  paid  to  the 
eoanty  collector  for  State  or  county  purposes,  it  shall  be  the  duty  of 
the  disbursing  officer  or  officers  of  such  municipality  or  taxing  dis- 
trict to  x>ay  to  the  treasurer  of  the  sewerage  commissioners  the  sum 
or  sums  of  money  directed  by  said  sewerage  commissioners  to  be 
assessed,  levied,  and  collected  in  such  municipality  or  taxing  district. 

18.  The  said  board  of  sewerage  commissioners  may,  from  time  to 
time,  in  anticipation  of  the  collection  of  moneys  directed  by  it  to  be 
assessed,  levied,  and  collected  within  the  municipalities  or  taxing 
districts  lying  in  whole  or  in  i)art  within  its  sewerage  district,  borrow 
such  sum  or  sums  of  money  as  may  be  necessary  for  the  payment  of 
interest  upon  bonds  or  other  indebtedness,  and  for  the  payment  .of 
sinking-fund  charges,  and  for  the  payment  of  its  officers,  agents, 
employees,  and  for  all  other  necessary  or  proper  exx>enses  in  main- 
taining and  operating  its  works  and  plant,  and  the  payment  of  the 
moneys  so  borrowed  shall  be  secured  by  a  lien  upon  said  taxes  as 
levied  and  assessed,  or  so  dii*ected  to  be  levied  and  assessed,  and  said 
taxes  when  collected  shall  be  applied  to  the  payment  of  the  moneys 
so  borrowed;  all  loans  made  in  pursuance  of  this  section  shall  be 
after  public  notice  and  advertisement,  and  shall  be  made  or  taken 
from  the  person  or  persons  offering  the  most  favorable  tonus. 

19.  If  in  any  case  the  streams  and  rivers  within  the  said  sewerage 
district  are  or  may  \ye  polluted  by  sewage  or  other  deleterious  matter 
clischarged  therein,  directly  or  indirectly,  from  any  municipality  or 
»ny  part  of  a  municipality  lying  without  the  said  sewerage  district,  it 
shall  and  may  be  lawful  for  the  said  board  of  commissioners  to  enter 
into  contract  with  such  municipality  for  the  disposal  of  all  such  sew- 
age and  deleterious  matter,  and  every  such  municipality  is  hereby 
authorized  to  enter  into  such  contract  with  the  said  boanl,  and  the 
said  board  may,  in  the  constructions  made  by  it  under  the  authority 
of  this  act,  make  provisions  for  such  disposal;  such  contracts  may  be 
made  upon  such  terms  and  for  such  lengths  of  time  and  for  such 
annual  or  semiannual  payments  as  shall  be  mutually  agreed  upon, 
and  the  municipalities  and  taxing  districts  so  contracting  shall  have      ^ 
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the  power  to  raise  annually,  by  taxation,  the  moneys  neoessary  to 
make  the  payments  required  to  be  made  under  suoh  oontracts,  or  to 
use  tor  this  purpose  any  moneys  not  otherwise  appropriated ;  and  the 
moneys  received  by  the  said  commissioners  under  such  contracts  shall 
be  applied  by  them  as  follows:  Two-thirds  thereof  to  the  x)aymentof 
interest  upon  bonds  issued  by  the  said  board,  and  one-third  thereof 
to  the  payment  of  the  expense  of  operation,  maintenance,  and  repair 
of  work. 

20.  The  said  sewerage  commissioners  shall  have  within  said  sewe^ 
age  district  powers  exclusive  of  all  other  boards  to  protect  the  rivers 
and  streams  thereof  from  pollution  and  to  prevent  the  i>ollution  of 
the  same,  and  to  this  end  the  said  sewerage  commissioners  may  pro- 
hibit the  deposit  or  discharge  into  the  rivers  or  streams  within  said 
sewerage  district  of  any  sewage  or  other  matter  or  thing  which  may 

.  pollute  the  same;  they  may  i^lso  in  like  manner  prohibit  or  prevent 
the  emptying  into  any  tributary  of  said  rivers  or  streams,  by  any 
municipality  or  part  of  a  municipality  lying  within  the  said  sewerage 
district,  of  any  sewage  or  other  matter  or  thing  which  will  directly  or 
indirectly  cause  the  rivers  or  streams  within  said  sewerage  district  to 
be  i>olluted;  and  the  said  board  of  sewerage  commissioners  may  at 
any  time,  when  it  has  reason  to  believe  that  any  river  or  stream 
within  its  district  is  being  polluted  by  any  such  municix)ality  or  part 
of  a  municipality  by  deposit  or  discharge  into  said  rivers,  streams,  or 
their  tributaries  of  any  sewage  or  other  matter  or  thing  which  will 
pollute  the  same,  or  when  such  deposit  or  discharge  is  threatened,  to 
apply  by  bill  or  petition  to  the  court  of  chancery  of  this  State  for 
injunction  to  prevent  the  said  pollution  or  threatened  pollution  of  said 
rivers  or  streams  or  their  tributaries,  and  the  court  of  chancery  shall 
have  power  to  hear  and  dispose  of  said  petition  or  bills  in  a  summary 
manner,  and  to  grant  any  and  all  relief  necessary  to  prevent  said 
pollution  or  threatened  pollution  or  the  continuation  of  any  pollution 
of  said  rivers,  streams,  or  their  tributaries. 

21.  The  said  board  of  sewerage  commissioners  shall  have  power 
from  time  to  time  to  adopt  all  such  reasonable  rules  and  regulations 
for  its  own  government  and  the  government  of  its  officers  and  agents, 
and  also  for  the  use,  protection,  and  management  of  its  works,  prop- 
erty, and  plant,  and  for  the  protection  of  the  rivers  and  streams 
within  its  district  from  pollution,  not  inconsistent  with  the  provi- 
sions of  this  act  and  the  laws  of  this  State. 

22.  The  chairman  shall  preside  at  all  meetings  of  the  sewerage 
commissioners,  and  shall,  with  the  treasurer,  sign  all  bonds,  promis- 
sory notes,  certificates  of  indebtedness,  and  other  obligations  of  the 
board;  he  shall  also  countersign  all  checks;  in  the  absence  of  the 
chairman,  or  in  case  he  is  incapacitated  by  illness  or  other  cause,  th® 
sewerage  commissioners  shall  have  power  to  elect  an  acting  chair- 

man,  who  for  the  time  being  shall  have*  a\\  Wv^  ^o^^t%  aud  perform 
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all  tiie  duties  of  the  chairmaii;  the  treasurer  shall  give  bond  in  such 
sum  as  the  sewerage  commissioners  may  determine,  and  shall  be  the 
receiving  and  disbursing  officer  of  the  said  sewerage  commissioners, 
and  all  moneys  required  by  law  to  be  paid  to  said  sewerage  commis- 
sioDers  shall  be  i)aid  to  the  treasurer  thereof,  and  shall  be  by  him 
deposited  in  such  bank  or  banks  of  deposit  or  trust  company  or  trust 
companies  in  this  State  as  shall  be  determined  upon  by  the  said 
sewerage  commissioners;  all  disbursements  shall  be  by  check,  signed 
by  the  treasurer  and  countersigned  by  the  chairman;  the  clerk  shall 
have  charge  of  the  seal  of  the  corporation  and  shall  affix  it  to  such 
instruments  as  he  shall  be  directed  by  the  said  board,  and  he  shall 
attest  the  same;  he  shall  keep  full  minutes  of  all  the  meetings  of  the 
board  and  of  its  committees  and  shall  perform  all  such  other  duties 
as  he  may  be  directed  by  the  said  board  of  commissioners  to  perform; 
no  deposit  of  moneys  in  the  charge  of  the  said  board  shall  be  made 
in  any  bank  or  trust  company  except  upon  the  condition  that  the 
said  board  shall  receive  interest  at  the  rate  of  not  less  than  two  per 
<^ntam  per  annum  upon  the  said  deposits. 

23.  In  case  for  any  reason  any  section  or  any  provision  of  this  act 
shall  be  questioned  in  any  court  and  sliall  be  held  to  be  unconstitu- 
tional or  invalid,  the  same  shall  not  be  held  to  affect  any  other  sec- 
tion or  provision  of  this  act. 

24.  All  acts  and  parts  of  acts  inconsistent  with  this  act  are  hereby 
^^pealed;  and  this  act  shall  take  effect  immediately. 

Approved  April  22,  1903. 

NEW  YORK. 

[BeYiaed  Statutes,  8d  ed.  (C.  F.  Birdseye),  vol.  2,  pp.  SSSeff,  Article  V:  Public  health  law.] 

POTABI^  WATERS. 

Sec.  70.  Utiles  and  regulations  of  8taf4i  hoard. — The  State  board 
>:F  health  may  make  rules  and  regulations  for  the  protection  from 
Contamination  of  any  or  all  public  8ux)plie8  of  potable  waters  and 
'lieir  sources  within  the  State.  If  any  such  rule  or  regulation  relates 
to  a  temporary  source  or  act  of  contamination,  any  person  violating 
inch  rule  or  regulation  shall  be  liable  to  prosecution  for  misdemeanor 
f^or  every  such  violation,  and  on  conviction  shall  be  punished  by  a 
Rne  not  exceeding  two  hundred  dollars,  or  imprisonment  not  exceed- 
itig  one  year,  or  both.  If  any  such  rule  or  regulation  relates  to  a 
permanent  source  or  act  of  contamination,  said  board  may  impose 
penalties  for  the  violation  thereof  or  the  noncompliance  therewith, 
tiot  exceeding  two  hundred  dollars  for  every  such  violation  or  non- 
^iompliauce.  Every  such  rule  or  regulation  shall  be  published  at  least 
^nce  in  each  week  for  six  consecutive  weeks  in  at  least  one  newspa- 
per of  the  county  where  the  waters  to  which  it  relates  are  located. 
iTie  cost  of  such  publication  shall  be  paid  by  the  corporation  or 
tnunicipality  benefited  by  the  protection  of  the  wat;^^  ^\xi^i^\^  \^  ^>Ktf3«x 
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thf  nil<-  tir  regulation  published  relates.  The  ftfBdAvit  of  the  printer, 
pultlisher,  or  proprietor  of  the  newspaper  in  which  snch  rule  or  regu- 
lation IB  published  may  be  filed  with  the  rale  or  reigulatioii  pub- 
lished in  the  county  clerk's  office  of  such  countj%  and  snch  afBdavil 
and  rule  and  regulation  shall  bo  conclusive  evidence  of  siicb  publica- 
tion and  of  sll  the  facts  therein  stated  in  all  courts  and  places. 

8ec.  71,  Itwi^fdioit  of  water  su])j}ly. — The  officer  or  board  having 
by  law  the  management  and  control  of  the  potable  wat4?r  BUppl,v<if 
any  mnnieiiiality,  or  the  corporation  furnishing  such  supply,  niii)' 
make  such  inspection  of  the  sources  of  such  wat«r  supplj-  as  siidi  offi- 
cer, board,  or  corporation  deems  it  advisable,  and  to  aseertain 
whether  the  rules  or  regulations  of  the  Slat*  board  are  complied  with, 
If  any  such  inspection  discloses  a  violation  of  any  such  rule  or  regn- 
lation  relating  to  a  permanent  source  or  act  of  contamination,  Huch 
officer,  board,  or  corporation  shall  cause  a  copy  of  the  rule  or  rt^ula- 
tion  violated  to  be  served  ujxtn  the  i^eraon  vinlatiug  the  same  witli  a 
notice  of  such  violation.  If  the  person  served  does  not  immediately 
comply  with  the  rule  or  rcgulati()u  violated,  such  officer,  board,  or 
uorporation  shall  notify  the  Stale  l)oard  of  the  violation,  which  shall 
immediately  examine  into  such  viohition,  and  if  suoh  person  is  found 
by  the  State  iMiai-d  to  have  actually  violated  such  rule  or  regtilatinn, 
tho  secretary  of  the  State  Imard  shall  oi'der  the  local  board  of  healtli 
of  such  municipality  to  convene  and  enforce  obedience  to  such  rule 
or  regulation.  If  the  local  Ijoartl  fails  to  enforce  such  oriler  witliin 
ten  days  after  its  leceipt,  the  corporation  furnishing  such  water  sup- 
ply, or  the  municipality  deriving  its  water  supply  from  the  waters  to 
which  such  rule  or  regulation  relates,  may  maintain  an  action  inft 
court  of  record,  which  shall  be  tried  in  the  county  where  the  cause  of 
action  arose  against  such  person,  for  the  recovery  of  the  penalties 
incurred  by  snch  violation,  and  for  an  injunction  restraining  him 
from  the  continued  violation  of  such  rule  or  regulation. 

Sec.  71  a.  Riile-i  ami  regiilalioiM  legaiizeil. — AH  rules  and  regula- 
tion.s  heretofore  duly  ma<lc  and  published  for  the  sanitary  protection 
of  public  watei  supplies,  pui-suant  to  chap.  543  of  the  laws  of  188& 
and  chap.  (JOl  of  the  laws  of  18!>;J,  as  amended,  are  hereby  legatizeil^ 
ratified,  confirmed,  and  continued  in  force  until  new  rules  and  regO' 
lations  become  <iperative. 

Sec.  71  b.  CmiHtruction  of  act. — This  act  shall  not  be  construed  tc 
repeal  or  affect  any  of  the  provisions  of  chap.  378  of  laws  of  1897,  or" 
its  amendments. 

Sec.  72.  Sewerage. — When  the  State  board  of  health  shall,  for  the 
protection  of  a  water  supply  from  contamination,  make  orders  or  reg- 
ulations the  execution  of  which  will  require  or  make  necessary  the 
construction  and  maintenance  of  any  system  of  sewerage,  or  a  change 
thereof,  in  or  for  any  \'illage  or  hamlet,  whether  incorporated  or  unin- 
corporated, or  the  execution  of  which  will  require  the  providing  of 
some  public  p  aoval  or  puriftcaUou  ot  tie^«i^«,^Aifein.ttuici- 


oooiwuL.]      8XVKBK  STATUTE  BSSTBICTIOKQ — ^NSW  YOBK.  108 

pality  or  oorporstion  owning  the  waterworks  benefited  thereby  shall, 
at  its  own  expense,  construct  and  maintain  such  system  of  sewerage, 
or  change  thereof,  and  provide  such  means  of  removal  and  purification 
of  sewage  and  such  works  or  means  of  sewage  disposal  as  shall  be 
approved  by  the  State  board  of  health.  When  the  execution  of  any 
such  regulations  of  the  State  board  of  health  will  occasion  or  require 
the  removal  of  any  building  or  buildings  the  municipality  or  cori>ora- 
tion  owning  the  waterworks  benefited  thereby  shall,  at  its  own  expense, 
remove  such  buildings  and  pay  to  the  owner  thereof  all  the  damages 
occasioned  Ijfy  such  removal. 

When  the  execution  of  any  such  regulation  will  injuriously  affect 
any  manufacturing  or  industrial  enterprise  which  is  not  a  public 
nuisance,  such  municipality  or  corporation  shall  pay  all  damages 
occasioned  by  the  enforcement  thereof.  Until  such  construction  or 
change  of  such  system  or  systems  of  sewerage,  and  the  providing  of 
such  means  of  removal  or  purification  of  sewage,  and  such  works  or 
means  or  sewage  disposal  and  the  removal  of  any  building,  are  so 
made  by  the  municipality  or  corporation  owning  the  waterworks  to 
he  benefited  thereby  at  its  own  expense  there  shall  be  no  action  or 
proceeding  taken  by  such  municipality  or  corporation  against  any 
person  or  corporation  for  the  violation  of  any  regulation  of  the  State 
board  of  health  under  this  article,  and  no  person  or  corporation  shall 
be  considered  to  have  violated  or  refused  to  obey  any  such  rule  or 
regulation.  The  owner  of  any  building  the  removal  of  which  is  occa- 
sioned or  required,  or  which  has  been  removed  by  any  rule  or  regula- 
tion of  the  State  board  of  health  made  under  the  provisions  of  this 
article,  and  all  i)ersons  whose  rights  of  property  are  in  j  uriously  affected 
by  the  enforcement  of  any  such  rule  or  regulation,  shall  have  a  cause 
of  action  against  the  municipality  or  corporation  owning  the  water- 
works benefited  by  the  enforcement  of  such  rule  or  regulation  for  all 
damages  occasioned  or  sustained  by  such  removal  or  enforcement, 
and  an  action  therefor  may  be  brought  against  such  municipality  or 
corporation  in  any  court  of  record  in  the  county  in  which  the  premises 
or  property  affected  is  situated  and  shall  be  tried  therein ;  or  such 
damages  may  be  determined  by  a  special  proceeding  in  the  supreme 
court  or  the  county  court  of  the  county  in  which  the  property  is 
situated.  Such  special  proceedings  shall  be  commenced  by  petition 
and  notice  to  be  served  by  such  owner  upon  the  municipality  or  cor- 
I)oration  in  the  same  manner  as  for  the  commencement  of  condemna- 
tion proceedings.  Such  municipality  or  corporation  may  make  and 
serve  an  answer  to  such  petition  as  in  condemnation  proceedings. 
The  petition  and  answer  shall  set  forth  the  claims  of  the  respective 
parties,  and  the  provisions  of  the  condemnation  law  shall  be  applicable 
to  the  subsequent  proceedings  upon  the  petition  and  answer,  if  any. 
Either  party  may,  ])efore  the  service  of  the  petition  or  answer,  respect-  , 
ively,  offer  to  take  or  pay  a  certain  sum,  and  no  costs  shall  be  J 
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awarded  against  either  party  unless  tlie  judtrmect  is  more  aofavuru- 
bie  to  him  than  his  offer. 

Sec.  72  a.  ArlUrns  by  niunicipalUit's. — Any  iiicoriMrated  cityorvi! 
lage  in  the  State  of  New  York  which  has  made  such  pi'ovision  for  thi 
disposal  of  its  sewage  as  not  to  pollute  or  oonlamiuate  therewith  iin\ 
river,  utrenm,  lake,  or  other  body  of  wator  may  have  and  maintain  ai 
action  in  tlie  supreme  court  to  prevent  the  discharge  of  any  sewage  i< 
t  sabstanee  deleterious  to  hoalth,  or  which  shall  injure  the  potatil 
qualities  of  the  water  in  any  river,  stream,  lake,  or  other  bodjti 
water  from  which  such  inooriwrated  city  or  village  shall  take  o 
receive  iw  water  supply;  pi-ovided,  that  such  river,  stream,  lake,  o 
other  body  of  water  is  wholly  or  in  part  within  the  boundaries  of  tli 
county  in  which  such  plaintiff  is  locat«.M]. 

Sbc,  73  b.  Duly  tjf  supreme  courl. — Whenever  such  action  shall  b 
broagbt  under  tlie  provisions  of  this  act,  it  shall  be  the  duty  of  tb 
supreme  court,  upon  proof  of  the  existence  of  facts  justifying  tli 
bringing  and  maintenance  of  such  action  under  the  provisions  i 
this  net,  to  render  a  judgment  in  which  (shall  be  incorporated  a  mai 
datory  injunction  requiring  the  person,  body,  board,  corporatioi 
municipality,  village,  county,  or  town  being  a  defendant  to  s^ii 
action  which  directly  or  indirectly,  or  by  its  servants,  agents,  or  oP 
cere,  shall  discharge  or  dispose  of  its  sewage  or  auj-  other  )4ubstan< 
deleterious  to  health,  which  shall  injure  the  potable  qualities  of  tt 
water  in  such  wise  as  that  the  same  shall  enter  into  any  river,  streaii 
lake,  or  other  body  of  water  from  which  such  plaintiff  shall  take  < 
receive  its  water  supply,  within  such  reasonable  time  as  may  be  pr 
scribed  by  the  court,  to  take  such  action  as  shall  prevent  such  discharg' 
or  the  disposal  of  such  sewage  or  other  substance  into  such  waters,  i 
the  pollution  thereof,  with  such  further  directions  in  the  premises) 
may  be  proper  and  desirable  to  effect  such  purpose;  provided,  thi 
such  river,  stream,  lake,  or  other  body  of  water  is  wholly  or  in  pai 
within  the  boundaries  of  the  county  in  which  such  plaintiff  is  locatet 

Sec.  72  e.  Examination  bij  State  board  of  health. — But  no  and 
action  shall  be  brought  as  provided  for  in  section  2  (i.  e,,  72  b)  of  tlii 
act  until  the  State  board  of  health  has  examined  and  determiuf* 
whether  the  sewage  docs  pollute  or  contaminate  the  river,  stream 
lake,  or  other  body  of  water  into  which  said  sewage  is  dischargeil 
The  expense  of  such  examination  by  said  board  shall  be  a  chmvc 
upon  and  paid  by  the  municipality  in  whose  interest  and  on  whose 
behalf  such  examination  is  made. 

Sec.  72  d.  Apj/roval  of  iifans. — lu  case  tlie  State  board  of  heallli 
shall  find  upon  examination  that  the  discharge  of  said  sewage  do« 
pollute  or  contaminate  said  waters,  or  any  of  them,  in  such  manner 
as  to  be  of  menace  or  danger  lo  the  heallh  of  those  using  said  waleiB, 
the  plans  for  the  removal  or  disposal  of  the  sewage  oi-dered  to  be  pre- 
pared by  the  court  as  provided  in  section  2  {i.  o.,  7ii  b)  shall  be  sub- 
'nitted  to  the  State  board  o£  heaU\\  tov  \Vs  v\\iv'^wa\- 
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\hKWB  of  1001,  ToL  a.  p.  214,  charter  of  New  York  City.] 

Sec.  481.  It  shall  not  be  lawful  for  any  i)6rson  to  throw  or  deposit, 
)r  cause  to  be  thrown  or  deposited,  in  any  lake,  i>ond,  or  stream,  or 
n  any  aqueduct  from  or  through  which  any  part  of  the  water  supply 
)f  the  city  of  New  York  shall  be  drawn,  or  either  of  the  reservoirs, 
my  dead  animal  or  other  offensive  matter  or  anything  whatever. 
Vny  person  offending  against  the  provisions  of  this  section  shall  be 
leemed  guilty  of  a  misdemeanor,  and  upon  conviction  thereof  shall 
)e  pnnished  by  fine  or  imprisonment,  or  both,  in  the  discretion  of  the 
lonrt,  such  fine  not  to  exceed  the  sum  of  one  hundred  dollars  and 
ach  imprisonment  not  to  exceed  a  period  of  three  months,  such 
mprisonment  to  be  in  the  jail  of  the  county  in  which  the  offense 
hall  have  been  committed. 

Sec.  482.  If  any  person  shall  willfully  do  or  cause  to  be  done  any 
.ct  whereby  any  work,  materials,  or  property  whatever,  erected  or 
ised,  or  hereafter  to  be  erected  or  used,  within  the  city  or  elsewhere 
>y  the  said  city,  or  by  any  person  acting  under  their  authority,  for 
he  purpose  of  procuring  or  keeping  a  supply  of  water,  shall  in  any 
[lanner  be  injured,  or  shall  erect  or  place  any  nuisance  on  the  banks 
f  any  river,  lake,  or  stream  from  which  the  water  supply  of  said  city 
hall  be  drawn,  or  shall  throw  anything  into  the  aqueduct  or  into  any 
eservoir  or  pipe,  such  person  on  conviction  thereof  shall  be  deemed 
uilty  of  a  misdemeanor. 

Section  483  authorizes  the  commissioner  of  water  supply,  gas,  and 
lectricity  to  carry  out  the  provisions  of  this  act  and  to  prevent  con- 
imination. 

Section  484  authorizes  proceedings  to  acquire  title  of  lands  neces- 
iry  for  this  purpose. 

By  laws  of  1893,  chapter  661,  section  73,  the  discharge  of  sewage 
p  other  matter  deleterious  to  public  health  or  destructive  to  fish  into 
ITallkill  Creek,  in  the  counties  of  Ulster  and  Orange,  is  prohibited, 
ttd  section  74  of  the  same  act  contains  a  similar  protection  for  the 
usquehanna  River  or  any  of  its  tributaries  between  the  Rock  Bot- 
>m  dam  in  such  river  at  the  city  of  Binghamton  aUd  a. point  one 
lile  east  of  the  bridge  that  crosses  such  river  at  Conklin. 
Law  of  1803  was  amended  by  an  act  passed  in  1003,  adding  the  fol- 
ding sections: 

aw8  of  1908,  chap.  468;  became  a  law  May  7,  IflfB,  with  the  approval  of  the  governor;  passed, 

a  majority  being  present.  ] 

S"  ACT  to  amend  the  public  health  law  relative  to  the  discharge  of  sewage  and 
other  refuse  or  waste  matter  into  the  waters  of  this  State. 

Hie  people  of  the  Staffs  of  New  York,  represented  in  senate  and 
^embly,  do  enact  (ts  follows: 

Sec.  1.  Puhlir  hetdth  hur  amended, — Article  5  of  chapter  GGl  of  the 
Ws  of  1803,  entitled  ''An  act  in  relation  to  the  public  health,  con- 
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stituting  chapter  -5  of  tlio  gi-ueral  laws,"  as  ainemled  by  cUapt*ri 
of  the  laws  of  18',i!l,  is  hereby  auiendcd  by  adding  al  the  end  there 
the  following  new  sections: 

Skc  75.  Discharge  of  sewage  and.  oOu-r  refuse  matter  in  certa 
waters  prohibUcd.—'SQ  person,  corporation,  or  intinicipality  sb; 
place  or  cause  to  be  placed,  or  discharge  or  cause  to  be  dischaTg* 
into  any  of  the  waters  of  this  State,  unless  the  same  shall  have  be 
permitted  by  the  State  commissioner  of  health,  any  sewage,  garbai 
offal,  dead  animal,  dead  fish,  dead  bii'd  or  part  thereof,  or  any  deco 
posable  or  putrescible  matter  of  any  kind,  or  any  snbstanee,  chemi 
or  otherwise,  containing  the  same  in  quantities  injurious  to  the  pnl 
health,  or  any  refuse  or  waste  matter,  either  solid  or  liquid,  in  qoj 
titles  injurious  to  the  public  health,  fi-om  any  shop,  factory,  mill, 
industrial  establishment,  unless  express  permission  to  do  so  sli 
have  been  first  given  in  writing  by  the  State  commissioner  of  heal 
as  provided  in  this  article,  except  as  hereinaftifr  provided.  But  t 
act  shall  not  pi-event  the  discharge  of  sewj^^e  from  any  public  sei 
syMtem  ownedand  maintained  by  a  municipality,  or  the  discharge 
refuse  or  waste  matter  from  any  shop,  factorj',  mill,  or  industi 
establishment,  provided  such  sewer  system  was  in  operation  and  v 
discharging  sewage,  or  such  shop,  factory,  mill,  or  industrial  est 
lishment  was  in  operation  and  di.schat^ing  refuse  or  waste  mati 
into  any  of  the  waters  of  this  State  at  or  prior  to  the  time  of  the  p 
sage  of  this  act,  nor  to  any  extension  or  modification  of  such  sh< 
factory,  mill,  or  industrial  establishment,  or  reconstruction  there 
provided  the  refuse  or  waste  matter  discharged  therefrom  is  i 
materially  changed  or  increased;  but  this  exception  shall  not  pen 
any  increase  in  the  dischaige  of  such  sewage,  nor  shall  it  permit  1 
disohai^e  of  sewage  from  a  sewer  system  which  shall  be  extendi 
modified,  or  reconstructed  subsequent  to  the  passage  of  this  aet. 

Sec.  76.  Permission  io  discharge  sewatje. — Upon  application  dt 
made  to  the  State  commissioner  of  health  by  the  public  authoril 
having  by  law  the  charge  of  the  sewer  system  of  any  municipalii 
the  State  commissioner  of  health  shall  have  power  to  consider  t 
case  of  a  sewer  system  otherwise  prohibited  by  this  act  from  d 
charging  sewage  into  any  of  the  waters  of  the  State,  and  whenever 
his  opinion  the  general  interests  of  the  public  health  would  be  sti 
served  thereby,  he  may  issue  a  permit  for  the  discharge  of  sew»j 
from  any  such  sewer  system  into  any  of  the  waters  of  the  State,  ar 
may  stipulate  in  the  permit  modifications,  regulations,  and  coii^ 
tions  on  which  such  discharge  maybe  permitted.  Such  permit  befo 
being  operative  shall  be  recorded  in  the  county  clerk's  office  of  tl 
county  wherein  the  outhit  of  the  said  sewer  system  is  located,  and 
copy  of  the  i>ermit  shall  be  transmitted  by  the  State  commissioner  i 
health  to  the  board  of  health  of  the  municipality  wherein  theontl 
of  said  sewer  system  is  located. 
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Bbg.  77.  Permiasion  to  discharge  refuse  or  waste  moUer  from 
MvLstrial  establishments. — Upon  application  duly  made  to  the  State 
eommissioner  of  health  by  the  proprietor,  lessee,  or  tenant  of  any 
ihop,  factory,  mill,  or  Indastrial  establishment  from  which  the  dis- 
duurge  of  refuse  or  waste  matter  into  any  of  the  waters  of  the  State 
is  otherwise  prohibited  by  this  act,  the  State  commissioner  of  health 
shall  have  power  to  consider  the  case  of  the  said  shop,  factory,  mill, 
or  indastrial  establishment,  and  whenever  the  public  health  and 
purity  of  the  waters  shall  warrant  it  he  shall  issue  a  permit  for  the 
discharge  of  refuse  or  waste  matter  from  such  shop,  factory,  mill,  or 
industrial  establishment  into  any  of  the  waters  of  the  State,  and  may 
stipulate  in  the  permit  such  modifications,  regulations,  and  conditions 
as  the  public  health  may  require.  Such  permit,  before  being  opera- 
tive, shall  be  recorded  in  the  county  clerk's  office  of  the  county  where 
SQch  shop,  factory,  mill,  or  industrial  establishment  is  located,  and  a 
copy  of  such  permit  shall  be  transmitted  by  the  State  commissioner  of 
health  to  the  board  of  health  of  the^municipality  wherein  the  outlet 
discharging  refuse  or  waste  matter  from  such  shop,  factory,  mill,  or 
indastrial  establishment  shall  be  located. 

Sbc.  77  a.  Plans  to  be  submitted. — Before  any  conduit  or  discharge 
pipe  or  other  means  of  discharging  or  casting  any  refuse  or  waste 
matter  from  any  shop,  factory,  mill,  or  industrial  establishment  not 
constructed  or  in  process  of  construction  when  this  act  takes  effect 
shall  be  put  in  or  constructed  for  the  purpose  of  discharging  any 
refuse  or  waste  matter  therefrom  into  any  waters  in  this  State,  the 
plan  or  plans  therefor,  together  with  a  statement  of  the  purpose  for 
which  the  same  is  to  be  used,  shall  be  submitted  to  the  commissioner. 
If  the  same  is  not  detrimental  to  the  public  health  he  shall  issue  a 
permit  therefor  to  the  applicant.  No  such  conduit,  discharge  pipe,  or 
other  means  of  discharging  or  casting  any  refuse  or  waste  matter  from 
any  such  shop,  factory,  mill,  or  establishment  into  any  of  the  waters 
of  this  State  shall  be  put  in  or  constructed  before  such  permit  is 
granted,  and  if  put  in  or  constructed  the  x>ci*son  putting  in  or  con- 
structing or  maintaining  the  same  shall  forfeit  to  the  people  of  the 
State  five  dollars  a  day  for  each  day  the  same  is  used  or  maint-ained 
for  such  purpose,  to  be  collected  in  an  action  brought  by  the  commis- 
sioner, lie  may  also  maintain  an  action  in  the  name  of  the  i)eople  to 
restrain  a  violation  of  this  section. 

Sec.  78.  Revocation  of  permit. — Every  such  permit  for  the  discharge 
of  sewage  from  a  sewer  system  or  for  the  discharge  of  refuse  or  waste 
JUatter  from  a  shop,  factory,  mill,  or  industrial  establishment  shall, 
^hen  necessary  to  conserve  the  public  health,  be  revocable  or  subject 
to  modification  or  change  by  the  State  commissioner  of  health  on  due 
'iotice  after  an  investigation  and  hearing  and  an  opportunity  for  all 
interested  therein  to  bo  heard  thereon  l>eing  served  on  the  public 
Authorities  of  the  municipality  owning  and  maintaiuiug  the  s<iw«.!^<5k 
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fiyslcm,  or  on  Ihf  iH-oprietor,  Iwssw,  or  ttniiia  of  Iho  simp,  rfwtory, 
'mill,  or  industrial  pr>ttibli»limont .  The  iBtigth  of  the  time  after  rowipl 
of  the  notic«  within  which  the  discharge  of  sewage  or  of  refuse  or 
waste  matter  shall  t>e  diseoDtinued  may  be  stated  in  the  permit,  W 
in  no  case  shall  it  exceed  two  years  in  the  case  of  a  sewer  systsm  not 
one  year  in  the  case  of  a  shop,  factory,  mill,  or  industrial  establish- 
ment, and  if  the  length  of  time  is  not  speciSed  in  the  permit  it  stinll 
.be  one  year  in  the  case  of  a  sewE>r  system  and  six  months  in  th^caw 
of  a  shop,  factory,  mill,  ov  indtmtrial  establishment.  On  the  eipira- 
tion  of  the  period  of  time  presrriltjed  after  the  service  of  a  notiw  of 
revocation,  modiflcntion,  or  change  from  the  State  commissioner  nf 
health,  the  right  t«  discharg(4  iiii'wage  or  refuse  or  waste  matter  inlii 
any  of  tlie  waters  of  tho.State  shall  cease  and  terminate,  and  the  pro- 
hibition  of  thu4  act  against  such  discharge  shall  be  in  full  force  n.^ 
though  no  permit  had  Iwen  granted,  but  a  new  pennit  may  thereaftor 
again  be  granted  as  hereinhefort'  jirovided. 

8ec.  7ii.  Reix)Hs  of  mnnirijirtl  iiiillinrilifn  kilrtcal  biMrilfi  of  hetiltli.— 
It  shall  be  the  duty  of  the  public  iiiilliorilies  having  by  law  chat^  u' 
the  sewer  system  of  every  miiiiLcip;ility  in  the  State,  from  which  sewe 
system  sewage  was  being  discharged  into  any  of  the  waters  of  tin 
State  at  the  time  of  the  [lassage  of  this  act,  t.<)  file  with  the  board  o 
health  of  the  municipality  within  which  any  sewer  outlet  of  the  sai< 
eewer  system  is  located  and  within  sixty  days  after  the  passage  o 
this  act  a  report  of  each  sewer  system  having  an  outlet  within  th< 
municipality,  which  report  shall  comprise  such  facts  and  informatioi 
as  the  State  commissioner  of  health  may  i-equire  and  on  blanks  o 
forms  to  Im  furnished  by  him  on  application.  The  board  of  healli 
of  each  municipality  Iwing  satisfied  as  to  tiie  correctness  and  com 
pleteness  of  each  rejwrt  submitted  to  it  shall  within  thirty  days  afte 
its  receipt  certify  the  saiue  and  transmit  it  to  the  State  commissioiic 
of  health.  Such  report  when  satisfai^tory  to  the  State  commissiotiei 
of  health  shall  be  filed  by  liiin  in  his  office  and  shall  constitute  tin 
evidence  of  exemption  from  the  prohibition  of  this  act.  Ko  sewc 
system  shall  be  exempt  from  the  prohibition  of  this  act  against  tb 
discharge  of  sewage  into  the  waters  of  tlie  State  for  which  a  sati 
factory  report  shall  not  be  filed  in  the  otlice  of  the  State  commission 
of  healtli  in  accordance  with  this  section. 

Sec.  79  a.  Reports  of  proprietors  of  imlnsfrial  estahlittliinents.—^ 
shall  be  the  duty  of  the  propi-ietor  of  e^ery  shop,  factory,  mill,  a» 
industrial  establishment  in  the  State  from  which  refuse  or  waste  ma 
ter  was  being  discharged  into  any  of  the  wattMs  of  tlie  State  at  t) 
time  of  the  passage  of  this  act  to  file  with  the  Stale  commissioner  • 
health  within  sixty  days  after  the  passage  of  this  act  a  report  of  eac 
shop,  factory,  mill,  and  industrial  establisliment  fn>m  which  refui 
or  waste  matter  was  being  dischai-ged  tlirough  an  outlet  within  tl 
municipality  at  the  time  of  the  passage  of  tliis  act,  wliich  report  sha 
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smnprise  such  faotB  and  information  in  regard  to  the  size,  location, 
ud  character  of  shop,  factory,  mill,  or  industrial  establishment,  the 
naehinery  in  use  therein,  and  the  character  and  quantity  of  goods 
produced  as  the  State  commissioner  of  health  may  reqnire  and  on 
riftnks  or  forms  to  be  furnished  by  him  on  application.  Such  report 
diall  be  filed  by  him  in  his  of&ce,  and  shall  constitute  the  evidence  of 
aemptlQdfc  of  the  shop,  factory,  mill,  or  industrial  establishment  f  rott 
die  prohibition  of  this  act.  No  shop,  factory,  mill,  or  industrial  estab- 
lishment riiall  be  exempt  from  the  prohibition  of  this  act  against  the 
lischargia  of  xef use  or  waste  matter  into  the  waters  of  the  State,  for 
i^hich  a  report  shall  not  be  made  as  required  by  the  State  commis- 
sioner of  health  in  accordance  with  this  section. 

Sec.  79  b.  Record  of  permits;  inspection  of  local  hoards  of  health. — 
Each  board  of  health  shall  preserve  in  its  office,  and  in  a  form  to  be 
prescribed  by  the  State  commissioner  of  health,  a  permanent  record 
of  each  i)ermit  issued  by  the  State  commissioner  of  health  granting 
the  right  to  discharge  sewage  or  refuse  or  waste  matter  into  any  of 
the  waters  of  the  Stat'C  within  that  municipality  and  of  each  revoca- 
tion of  a  permit;  and  also  a  permanent  record  of  each  report  received 
by  the  board  of  health  concerning  each  sewer  system  and  each  shop, 
factory,  mill,  or  industrial  establishment  which  at  the  time  of  the  x>as- 
sage  of  this  act  was  discharging  sewage  or  refuse  or  waste  matter  into 
any  of  the  waters  of  the  State  within  that  municipality.  Each  local 
board  of  health  shall  make  and  maintain  such  inspection  as  will  at  all 
times  enable  it  to  determine  whether  this  act  is  being  complied  with 
in  respect  to  the  discharge  of  sewage,  refuse,  or  waste  matter  or  other 
inaterials  prohibited  by  this  act  into  any  of  the  waters  of  the  State 
^thin  that  municipality.  For  the  purpose  of  such  inspection  every 
member  of  such  board  of  health,  or  its  health  officers,  or  any  person 
^nly  authorized  by  it,  shall  have  the  right  to  make  all  necessary  exam- 
inations of  any  premises,  building,  shop,  factory,  mill,  industrial  estab- 
ishment,  process,  or  sewage  system. 

Sec.  79  c.  Violations ;  service  of  notice;  actions  by  local  boards. — 
^he  local  board  of  health  of  each  municipality  shall  promptly  ascer- 
*in  every  violation  of  or  noncompliance  with  any  of  the  provisions 
•f  this  act  or  of  the  permits  for  the  discharge  of  sewage  or  refuse  or 
^aste  material  into  any  of  the  waters  of  the  State  herein  provided 
i^hieh  may  occur  within  that  municipality.  The  board  of  health  shall, 
n  the  discover}'  of  every  violation  of  or  noncompliance  with  any  of 
^le  provisions  of  this  act  or  of  any  permit  duly  issued,  serve  a 
ritten  notice  on  the  person  or  corporation  responsible  for  the  viola- 
on  or  noncompliance,  together  with  a  copy  of  this  act  and  of  the 
^rmit,  if  any,  violated  or  noncomplied  with,  specifying  the  particu- 
ir  provision  being  violated  or  noncomplied  with,  and  stipulating  the 
'Hgth  of  time  within  which  the  violation  or  noncompliance  must 
-ase.     If  at  the  expiration  of  the  stipulated  length  of  time  the  vio- 
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latioii  or  noncomplianfe  ehall  still  continue,  the  boanl  of  lit^alth  shall 
at  ODce  i-eport  the  violation  and  iioucomprtanee  to  tlie  Stnt«  i'omiui»- 
sioner  of  health,  who  Bhwll  at  oncp  give  a  hearing  to  and  take  the 
proof  of  the  pei-sons  charged  with  such  violation  or  nonoomplianre 
and  investigate  the  matter,  aud  if  he  finds  a  violation  or  noncom- 
pliance to  exist  he  shall  at  oncu  certify  the  fact  to  the  board  of 
health  of  the  municipality,  which  shall  immediately  bring  an  action 
•  in  a  court  of  record,  which  action  shall  be  tried  in  the  county  wherein 
tJie  cause  uf  action  arose  against  the  person  or  corporation  rospon- 
sible  for  the  violation  or  the  noncompliance  for  the  recovery  of  the 
penalties  incurred  aud  for  an  injunction  against  the  continuation  of 
the  violation  or  the  noncompliance. 

Sec,  7S)  <1.  Pt^KiUii-s. — The  peualty  for  the  discharge  of  sewage 
from  any  public  sewor  ej'stem  into  any  of  the  waters  of  the  StaW 
without  a  duly  issued  permit  for  which  a  permit  is  required  by  thia 
act  shall  be  five  hundrad  dollars,  aud  a  further  penalty  of  fifty 
dollars  per  day  for  each  day  the  offence  ia  maintained.  The  pen- 
alty for  the  discharge  of  sewage  from  any  public  sewer  system 
into  any  of  the  waters  of  the  State  without  filing  a  report  for 
which  a  report  is  requircii  to  be  filed  with  the  board  of  health  of 
the  municipality  shall  be  fifty  dollars.  The  penalty  for  the  dis- 
charge of  refuse  or  waste  matter  from  any  shop,-  factory,  mill,  or 
industrial  establishment  for  which  a  permit  is  required  by  this  act 
without  such  permit  shall  be  one  hundred  dollars  and  ten  dollars 
a  day  for  each  day  the  offence  is  maintained.  The  penalty  for  the 
discharge  of  i-efusy  or  waste  matter  fi-om  any  shop,  mill,  factory,  or 
industrial  establishment  without  filing  a  report  where  a  report  is 
required  by  this  act  to  be  filed  shall  be  twenty-five  dollai-s  and  five 
dollars  per  day  for  each  day  the  offence  is  maintained.  The  penalty 
for  discharging  into  any  of  the  waters  of  the  State  any  other  matter 
prohibited  by  this  act  besides  that  specified  at>ove  shall  be  twentj- 
flve  dollars  and  five  dollars  per  day  for  each  day  the  offence  Is 
maintained. 

Sec.  2.  Common-law  rights  not  affecied. — Nothing  in  this  act  shall 
be  construed  to  diminish  or  otherwise  to  modify  the  common-law  rights 
of  riparian  owners  in  the  quality  of  waters  of  streams  covered  by 
such  rights,  nor  in  the  ease  of  actions  brought  against  the  pollution  of 
waters  to  limit  their  remedy  to  indemnities. 

Sec.  'i.  This  act  shall  take  effect  immediately. 

VERMONT. 

[Statutoa,  WW,  |j,  W2,  Pr««rviitioii  ut  uubllc  henllh.) 

Sec.  4695.  If  any  person  puts  or  causes  to  be  put  a  dead  animal  or 
animal  substance  into  or  upon  the  bank  of  a  lake,  pond,  running 
stream,  or  spring  of  water  so  that  it  is  drawn  or  washed  into  the  6ame, 
and  suffers  it  to  remain  therein,  he  shall  be  fined  not  more  than  twenty 
doll""        1  not  Jess  than  five  doUara, 


WODU..]         8XY1BB  STATUTE  BESTBIOTIONS — VEKMONT.  Ill 


[Laws  of  18B6,  No.  150,  p.  IIA.] 

US  ACT  in  smendxnent  of  act  No.  187  of  the  acts  of  1804,  relating  to  poUntion  of 

the  waters  of  Missisqnoi  Biyer. 

It  is  hereby  enacted  by  the  general  assembly  of  the  Slate  of  Vermont: 
SscnoN  1,  number  137,  of  the  public  acts  of  1894,  is  hereby  amoDded 
30  asto  read  as  follows:  ^'A  x>erson  owning  or  operating  a  mill  who  shall 
by  himself  or  his  agent  deposit  or  suffer  to  be  deposited  any  sawdust, 
shavings,  or  any  mill  refuse  in  the  waters  of  the  Missisquoi  River 
above  Enosburgh  Falls,  or  in  any  of  the  tributaries  of  said  Missisquoi 
River  above  EnoAburgh  Falls,  shall  be  fined  not  less  than  twenty  dol- 
lars nor  more  than  one  hundred  dollars,  in  the  discretion  of  the  court, 
for  each  offence. " 

Sec.  2.  This  act  shall  take  effect  from  March  1st,  1899.  Approved 
November  16th,  1898. 

[Laws  of  1908,  No.  115,  p.  144.] 

AN  ACT  to  prevent  the  pollution  of  the  sources  of  water  supply. 

It  is  hereby  enacted  by  the  general  assembly  of  the  State  of  Vermont: 

Section  1.  The  State  board  of  health  shall  ha.ve  the  general  over- 
sight and  care  of  all  waters,  streams,  and  ponds  used  by  any  cities, 
towns,  villages,  or  public  institutions,  or  by  any  water  or  ice  companies 
in  this  State  as  sources  of  water  supply,  and  of  all  springs,  streams, 
iind  water  courses  tributary  thereto.  It  shall  have  power  to  call  for, 
and  when  it  calls  for  it  shall  be  provided  with  maps,  plans,  and  docu- 
ments suitable  for  such  purposes,  at  the  expense  of  such  city,  town, 
village,  public  institution,  water  or  ice  company,  and  shall  keep 
records  of  all  its  transactions -relative  thereto. 

Sec.  2.  Said  board  may  cause  examinations  of  such  waters  to  be 
made  to  ascertain  the  purity  and  fitness  for  domestic  use,  or  their 
liability  to  impair  the  interests  of  the  public  or  of  persons  lawfully 
using  them  or  to  imperil  the  public  health.  It  may  make  rules  and 
regulations  to  prevent  the  pollution  and  to  secure  the  sanitary  pro- 
tection of  all  such  waters  as  are  used  as  sources  of  water  supply. 

Sec.  3.  The  publication  of  an  order,  rule,  or  regulation  made  by 
the  board  under  the  provisions  of  sec.  2  or  sec.  6  hereof,  in  the  news- 
pai)er  of  any  town  or  village  in  which  such  order,  rule,  or  regulation 
is  to  take  effect,  or  if  no  newspaper  is  published  in  such  city,  town, 
or  village,  the  posting  of  a  c6py  of  such  order,  rule,  or  regulation  in 
three  public  places  in  such  city,  town,  or  village,  shall  l>e  legal  notice 
to  all  persons,  and  an  affidavit  of  such  publication  or  posting  by  the 
persons  causing  such  to  be  published  or  posted,  filed,  and  recorded 
with  a  copy  of  the  notice  in  the  office  of  the  clerk  of  such  city,  town, 
or  village  shall  be  admitted  as  evidence  of  the  time  at  which  and  the 
place  and  manner  in  which  the  notice  was  given. 

Sec.  4.  Said  boar<l  ishall  include  in  its  biennial  report  to  the  gen- 
eral assembly  its  doings  for  the  preceding  biennial  term,  and  shall 
recommend  meHnures  for  the  prevention  ot  lYiii  ^o\!lv3l\aqiX3l  <^1  %>3lOol 
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waters  and  for  the  removal  of  polluting  sulwtances  in  order  lo  pro- 
tect and  develop  the  rightB  and  properly  of  the  State  therein,  and  to 
protect  the  public  health,  and  shall  rocommcnd  any  legislatioo  or 
plans  for  systems  of  main  sewers  necesssry  for  the  preservation  o(  the 
pubtiir  health  and  for  the  purilleation  and  prevention  of  pollntiouof 
the  ponds,  slreanis,  and  waterB  of  the  State.  It  stiall  also  give  notice  to 
the  State's  attorney  for  the  comity  wherein  any  violation  of  the  law 
relative  to  the  pollution  of  the  water  supplies  o<rcurs.  It  shall  have 
the  power  to  employ  such  expert  aHSistanl^  as  it  considers  necessar)'. 

Skc*  5.  Citien,  towns,  villages,  and  persons  »hall  submit  to  said 
board  for  its  advi<H>  their  proposrid  systems  of  public  water  supply  or 
for  the  disposal  of  drainage  or  sewage.  Said  boards  shall  cousolt 
with  and  advise  the  authorities  of  the  cities,  towns,  villages,  and 
persons  having  or  almut  to  have  systems  of  public  water  supply, 
drainage,  or  sewage,  an  to  the  most  appropriate  sources  of  water 
supply,  and  the  best  methods  of  assuring  it^s  purity  or  as  to  the  l>esl 
methods  of  disposing  of  their  drainage  or  sewage,  with  reference 
to  the  existing  and  future  needs  of  other  cities,  towns,  villages, 
or  persons  which  may  be  affected  thereby.  It  shall  also  consalt 
with  and  advise  persons  engaged  or  intending  to  engage  in  any 
manufacturing  or  other  business  whose  drainage  or  sewage  may  temi 
to  pollute  any  water  or  source  of  water  supply  as  to  the  best  method 
of  preventing  such  pollution,  and  it  may  conduct  experiments  t« 
to  determine  the  best  methods  <■'  ,nirifioation  or  disposal  of  drainage 
or  sewage.  No  person  shah  be  required  t«  bear  the  expense  of  sueh 
consultation,  advice,  or  experiments.  In  this  section  the  term 
"drainage"  means  the  rainfall,  surface,  and  suKsoil  water  only,  and 
"sewage"  means  domcslie  and  manufacturing  tilth  and  refuse. 

Sec,  6,  Upon  petition  to  said  board  by  the  mayor  of  a  city,  the 
selectmen  of  a  town,  the  trustee  or  bailiff  of  a  village,  the  managing 
board  or  officer  of  any  public  institution,  or  by  a  board  of  water  com- 
missioners, or  the  president  of  a  water  or  ice  company,  stating  that 
manure,  excrement,  garbage,  or  any  other  matter  is  polluting  or  tend- 
ing to  pollute  tlie  water  of  auy  stream,  jwnd,  spring,  or  water  course 
used  by  such  city,  town,  village,  institution,  or  company  as  a  source 
of  water  supply,  the  boaitl  shall  appoint  a  time  and  place  within  the 
county  whore  tlie  nuisance  or  pollution  is  alleged  to  exist,  for  hearing, 
and  after  notice  thereof  to  parties  interested  and  a  hearing,  if  in  its 
judgment  the  public  health  so  requires,  shall,  by  an  order  serve<i 
upon  the  party,  company,  or  premises  so  polluted  prohibit  the  deposit, 
keeping,  or  discharge  of  any  such  cause  of  pollution,  and  shall  order 
him  to  desist  therefi-oni  and  to  remove  any  such  cause  of  pollution;  but 
the  board  shall  not  prohibit  the  cultivation  or  use  of  soil  in  the  ordi- 
nary methods  of  agriculture  if  no  human  excrement  is  used  therefor. 

Said  board  shall  not  prohibit  the  use  of  any  structure  which  was  in 
existence  at  the  time  of  the  passage  of  this  act  upon  a  complaint 
made  hy  the  board  of  water  coinmissiouei-s,  o,i  aw^'  «itv^  town,  or  vil- 
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e,  or  by  any  water  or  ice  company  unless  snch  board  of  water 
nmissioners  or  company  files  with  the  State  l)oard  a  vote  of  its  city 
incil,  selectmen,  trustees,  or  bailiffs,  or  company,  respectively, 
\,t  such  city,  town,  village,  or  company  will,  at  its  own  expense, 
ke  such  change  in  said  stnicture  or  its  location  as  said  board  shall 
)m  expedient.  Such  vote  shall  be  binding  on  such  city,  town, 
lage,  or  company.  All  damages  caused  by  such  change  shall  be 
id  by  such  city,  town,  village,  or  company,  and  if  the  parties  can 
b  agree  thereon  such  city,  town,  village,  or  company  shall  tender 
the  parties  sustaining  damages  such  a  sum  of.  money  as  in  their 
Igment  is  a  reasonable  compensation  for  the  damages  sustained, 
lioever  is  aggrieved  by  an  order  under  the  provisions  of  the  pre- 
ling  section,  or  with  the  sum  so  tendered  as  damages,  may  appeal 
srefrom  in  the  manner  provided  in  Vermont  statutes.  Sec.  3314  to 
.7,  inclusive,  relating  to  highways.  But  the  notice  therein  pro- 
led  for  shall  be  served  on  the  party  or  parties  who  are  petitioners 
fact  under  section  6  of  this  act,  and  also  upon  the  State  board  of 
ilth.  If  the  appeal  be  only  from  the  compensation  for  damages, 
>  order  of  the  board  shall  be  complied  with  during  the  pendency  of 
*.h  appeal  unless  otherwise  authorized  by  said  board. 
5ec.  7.  The  court  of  chancery  shall  have  jurisdiction  and  power, 
on  application  thereto  by  the  State  board  of  health  or  any  party  inter- 
ed,  to  enforce  its  orders,  or  the  orders,  rules,  and  regulations  of  said 
ird  of  health,  and  to  restrain  the'iis^  or  occupation  of  the  premises  or 
;h  portion  thereof  as  said  board  may  specify,  on  which  said  material 
leposited  or  kept  or  such  other  cause  of  pollution  exists,  until  the 
lers,  rules,  and  regulations  of  said  board  have  been  complied  with. 
5ec.  8.  Said  board  of  health  may  by  itself,  it«  servants  and  agents, 
;er  any  building,  structure,  or  premises  for  the  purpose  of  ascer- 
ning  whether  sources  of  pollution  or  danger  to  the  water  supply 
ire  exist  and  whether  the  rules,  regulations,  and  orders  afoi^esaid 
y  obeyed. 

>EC.  0.  Whoever  violates  any  rule,  regulation,  or  order  nuwle  under 
5  provisions  of  section  2  or  section  (>  of  this  act  shall  bo  punislied 
'  each  offence  by  a  fine  of  not  more  than  five  hundred  dollars  to 
5  use  oj  the  State,  or  by  imprisonment  for  not  more  tlian  one  year, 
by  both  such  fine  and  imprisonment. 

>EC.  10.  No  sewage,  drainage,  refuse,  or  polluting  matter  of  such 
id  and  amount  as  either  by  itself  or  in  connection  with  other  matter 
1  corrupt  or  impair  the  quality  of  the  water  of  any  pond  or  stream 
^d  as  a  source  of  ice  or  water  supply  by  a  city,  town,  village,  public 
titution,  or  water  ooiupaiiy  for  domestic  use,  or  render  it  injurious 
health,  sliall  bo  discharged  into  any  such  streams,  ponds,  or  upon 
iir  banks. 

5ec.  11.  The  provisions  of  tlie  preceding  section  shall  not  be  appli- 
3le  to  Lake  C  hamplain  or  Lake  Memphremagog. 

IBR  103—04 — b 
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.  The  court  of  ohancery,  upon  the  application  of  a  niayoro 
8  city,  the  selectmen  of  a  town,  the  traatees  or  bailiffs  of  an  incor 
pomted  villagis  the  maangiDg  board  or  officer  of  a  public  institution 
or  a  water  or  ice  company  interestt-d,  shall  have  jurisdiction  in  equit; 
to  pnjoin  the  violation  of  the  provisions  of  Bet-tion  10. 

SKI'.  13.  Whoever  wilfully  deposits  excrement  or  foul  ordecayin 
matter  in  water  which  is  used  for  the  purpose  of  domestic  water  snj 
ply  or  on  the  shore  thereof  within  five  rods  of  the  water  shall  be  pni 
ished  by  a  floe  of  not  more  than  fifty  dollars  or  by  imprisomnent  fc 
not  moro  than  thirty  days;  and  a  constable  of  a  town  or  police  officf 
of  a  city  or  village  in  which  such  water  is  wholly  or  partially  situate 
may  act  within  the  limits  of  his  city  or  town,  and  any  executive  officf 
or  agent  of  a  water  board,  iHiant  of  water  commissioners,  public  iust 
tiition,  or  wat«r  company  furnisliiug  water  or  ice  for  domestic  pu 
poses,  acting  upon  the  premises  uf  such  board,  institution,  or  compan; 
and  not  more  than  five  rods  from  the  wat«r,  may  without  a  warrai 
arrest  any  person  found  in  the  act  of  violating  the  provisions  of  th 
section  and  detain  him  until  complaint  may  be  made  against  hi; 
therefor.  But  the  provisions  of  this  section  shall  not  interfere  wit 
the  sewerage  of  a  oity,  town,  village,  or  public  institution,  or  prevei 
the  enriching  of  land  for  agriculture  by  the  owner  or  occupant  thereo 

Rec.  14.  Each  member  of  the  State  board  of  health  shall  receive  foil 
dolhirsji^T.hiy  and  aeHi.-tl  ..-.xpeDs.'s  «-|,ili' ill  IIk- discharge  of  lh.>  .hilii^ 
imposed  by  this  act.  The  State  auditor  is  directed  to  draw  his  orde 
on  the  State  treasurer  every  six  months  for  such  sums  as  are  necesaar 
to  meet  the  expenses  of  said  board  under  the  provisions  of  this  act. 

Approved  December  12,  1902. 

OENERAIi  RUIiES. 

The  foregoing  compendium  of  common  and  statute  law  may  b 
summarized  and  stated  in  a  few  general  rules,  which  will  perhaps  b 
useful  to  property  owners  and  also  to  officers  charged  with  the  dut; 
of  protecting  health  and  property  rights  in  waters. 

In  the  nature  of  the  case  these  rules  can  be  only  general,  and  man; 
exigencies  will  appear  in  which  more  particular  instructions  must  b 
obtained  from  the  consultation  of  text-books  and  decisions  or  froi 
the  advice  of  counsel. 

I.  RIGHTS  AND  DUTIES  OF  RIPARIAN  OWNERS. 

Every  riparian  owner  has  the  right — 

1.  To  use  the  waters  of  streams,  navigable  or  otherwise,  which  flo' 
across  or  along  his  property  for  the  ordinary  purposes  incidental  t 
domestic  life  and  agriculture,  including  grazing. 

2.  To  use  such  waters  for  water  power  and  for  all  kinds  of  mam 
facturing  purposes  which  do  not  sensibly  diminish  the  quantity  whi( 
flows  on  for  the  use  of  lower  proprietors  nor  change  the  quality  > 

tie  w  appreciable  extent. 
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3.  To  have  such  waters  flow  to  him  from  the  premises  of  higher 
oprietOTS  not  nnreasonably  diminished  nor  diverted  nor  rendered 
ipore  by  the  farming  or  domestic  uses  to  which  the  waters  are  sub- 
Bted  tqr  higher  proprietors. 

4.  To  have  such  waters  flow  to  him  not  sensibly  changed  in  quality 
r  any  mannfaoturing  or  other  uses  to  which  they  may  have  l)een 
It  by  higher  proprietors. 

5.  To  have  such  waters  flow  to  him  in  their  natural  bed,  unpolluted 
r  any  deposits  of  filth  or  any  other  substance  in  the  bed  or  channel 
reviously  traversed  by  them. 

Conversely,  it  is  the  duty  of  every  riparian  owner — 

1.  To  so  guard  his  use  of  the  waters  of  streams  which  flow  across 
r  along  his  prox>erty  for  domestic  and  agricultural  purposes  as  not 
iDieasonably  to  divert  nor  diminish  nor  render  impure  such  waters. 

2.  To  refrain  from  every  use  in  manufacturing  which  will  divert  or 
ensibly  diminish  the  quantity  of  the  waters  which  flow  onward  to 
he  lower  proprietors  or  render  them  appreciably  different  in  quality. 

3.  To  refrain  from  depositing  any  filth  or  other  substance  in  the 
wd  of  such  streams  in  such  a  manner  or  to  such  an  extent  as  will 
aose  the  waters  to  fiow  to  the  lower  proprietors  out  of  their  natural 
led  or  wi)l  in  anywise  pollute  them  or  render  them  impure. 

II.  RIGHTS  AND  DUTIES  OP  MUNICIPAL  CORPORATIONS. 

Considered  as  corporate  entities,  municipal  corporations  have  such 
ights  and  powers  only  as  are  conferred  upon  them  by  statute,  either 
xpressly  or  by  necessary  implication. 

When,  under  due  authority,  they  become  the  owners  of  lakes,  reser- 
oirs,  and  natural  streams,  they  have  the  same  rights  to  pure  water, 
nd  are  charged  with  the  same  duties,  as  are  other  riparian  proprietors. 

If  authorized  to  (construct  a  systeiii  of  sewers  draining  into  a  stream, 
ach  authority  does  not  exempt  tliem  from  the  duty  not  to  pollute 
tie  stream  to  the  damage  of  lower  proprietora. 

The  rights  of  property  owners,  specified  in  3,  4,  and  5  above  are 
roperty  rights  and  can  not  be  taken  away  from  owners  for  public 
se  except  upon  payment  therefor  of  an  amount  determined  by  con- 
titutional  condemnation  proceedings  authorized  by  statute. 

Therefore,  until  municipal  corporations  have,  by  such  proceedings, 
cquired  the  rights  of  all  lower  proprietors  and  paid  for  them,  they 
re  required  in  all  cases  to  refrain  from  the  jwllution  of  streams  to 
te  same  extent  as  private  owners, 

III.  RIGHTS  AND  DUTIES  OF  THE  PUBLIC. 

By  "the  public"  is  meant  that  indefinite  number  of  individuals, 
whether  larger  or  smaller,  who  occupy  as  a  common  habit-ation  a 
leighborhood,  village,  town,  State,  or  country.  Rights  and  duties 
^hich  affect  inhabitants  of  the  neighborhood,  village,  town,  State^  or 
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country  as  a  whole,  or  a  considerable  bnt  mdefinite  number  of  them, 
art'  called  "public"  rights  imil  dntiea. 

The  public,  in  this  sense,  has  the  right  to  enjoy  the  natural  waten 
and  the  air  which  passea  over  them,  upon  which  it  dei>enils  for  life 
and  health,  in  a  condition  so  near  that  in  which  nature  left  tliem  Q\ii 
their  use  will  not  dcBtroy  nor  threaten  life  nor  injure  healtli. 

And,  reciprocally,  the  public,  and  each  member  of  it,  is  charged 
with  the  duty  not  to  pollute  the  natural  waters  upon  which  the  com- 
munity depends  for  life  and  health  iu  any  manner  that  will  render 
the  continued  use  of  the  waters,  or  of  the  air  which  passes  over  them, 
destructive  of  or  injurious  to  the  life  or  health  of  the  community. 

PUBLIC  RIGHTS  AND  DUTIES  ENFORCED  BY  STATUTE. 

The  rights  and  duties  attempted  to  be  expressed  under  III,  hare 
received  some  recoguition  by  the  courts  apart  from  statutory  enact- 
ments. They  have  been  enforcetl  chiefly,  however,  through  legiflU- 
tion.  These  rights  and  duties  have  received  full  recognition,  and  in 
active  eiToi-t  has  l)een  made  to  provide  an  efficient  sanction  for  their 
enforcement  by  the  legislatures  of  all  the  States  included  in  Claaall 
and  Class  III,  as  hereinbefore  stated.  These  classes  include  thirty- 
seven  of  the  States  and  TeiTitories. 

These  statutes,  not  being  in  deitigation  of  common-law  right.'J,  have 
been  construed  as  remedial  statutes  and  not  unconstitntioaal  because, 
in  some  cases,  they  may  seem  to  iuterfere  with  prescriptive  rights. 
No  one  can  acquire  by  prescription  a  right  to  do  an  act  which  men 
aces  public  health  or  destroys  public  comfort. 

PROGRESS  OF  LEOISLATION. 

It  will  have  been  noticed  that  public  opinion,  as  expressed  in  pub 
lie  laws,  is  steadily  progressing  In  the  direction  of  a  full,  complete 
and  comprehensive  enforcement  of  all  the  riglits  and  duties  of  ripa 
rian  owners,  of  municipal  corporations,  and  of  the  public,  as  summar 
iaed  above.  Each  advance  in  statutory  regulation  is  an  advance  ii 
that  direction,  and  more  especially  in  the  direction  of  regulating  am 
enforcing  public  rights  and  municipal  rights  and  duties. 

Private  owners  have,  from  time  immemorial,  been  active  in  pro 
tecting  their  riparian  rights  as  against  other  private  owners.  But  tin 
effect  of  pollution  upon  public  health  has  not,  until  a  comparative); 
recent  period,  been  brought  prominently  into  notice.  The  pollution  o 
streams  by  cities  and  private  persons  has,  accordingly,  not  receivci 
the  attention  which  it  deserved.  This  state  of  affairs  is  now  rapidl; 
passing  away.  Courts  have  shown  themselves  fully  alive  to  th 
existence  and  validity  of  public  rights  in  that  respect,  and  the  legis 
latures  in  Class  III,  comprising  the  States  of  Connecticut,  Massa 
chusetts.  New  Hampshire,  New  York,  New  .lersey,  Minnesota,  am 
Vermont,  have  made  enactments  calculated  so  to  control  such  pollu 
tion  as  eventually  to  prevent  all  danger  \a  ^u\>\\c\iftaWcv. 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 

United  States  Geological  Survey, 

WashinqtoUy  D.  C,  Jantuiry  8y  1904. 

R:  I  transmit  herewith  a  report  by  Mr.  Willis  T.  Lee  on  the 

ergroiftid  waters  of  the  Gila  Valley,  and  recommend  that  it  be 

lished  in  the  series  of  Water-Supply  and  Irrigation  Pajwrs. 

this  report  there  is  presented  all  of  the  available  information 

nling  the  geology  of  the  superficial  formations  in  Gila  Valley 

reen  The  Buttes,  12  miles  east  of  Florence,  and  the  junction  of 

and  Salt  rivers,  a  district  which  lies  mostly  within  the  Pima 

an  Reservation.    This  investigation  has  been  made  for  the  pur- 

of  ascertaining  the  amount  of  water  available  for  pumping,  for 

ation  by  the  Indians,  and  the  area  in  which  such  waters  may  be 

1  and  it  is  believed  that  the  results  will  prove  interesting  and 

)rtant. 

Very  respectfully,  F.  II.  Newell, 

Chief  Engineer, 
m.  Charles  D.  Walcott, 

Director  United  States  Geoloyical  Survey. 
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UNDERGROUND  WATERS  OF  GILA  VALLEY,  ARIZONA. 


By  Willis  T.  Lbb. 


INTRODUCTION. 

a  Valley,  as  limited  in  this  paper,  extends  from  The  Buttes, 
)  12  miles  east  of  Florence,  to  the  junction  of  Gila  and  Salt 
J,  a  distance  of  about  75  miles.  The  greater  part  of  the  valley 
upied  by  the  Pima  Indian  Reservation,  which  is  said  to  contain 
■j  7,870  Indians.  In  the  upper  part  of  the  valley,  in  the  vicinity 
orence,  are  a  few  white  settlers,  but  owing  to  scarcity  of  water 
arutively  little  land  is  under  cultivation.  The  greater  part  of 
rrigable  land  in  Gila  Valley  has  been  owned  from  time  imme- 
\\  by  the  Indians,  who  are  intelligent  and  industrious,  and  until 
ivere  prosperous.  Up  to  that  time  their  irrigation  canals  were 
ied  by  water  diverted  from  the  Gila,  but  since  that  year  the 
sion  of  the  Gila  waters  above  the  reservation  has  caused  a  short- 
►f  water.  The  Indians  have  been  deprived  of  the  water  which 
urs  by  right  of  priority.  The  only  water  left  for  them  is  the 
ge  water  and  such  small  amounts  as  can  be  saved  from  passing 
;.  On  account  of  the  scarcity  of  water  the  area  of  lands  culti- 
by  the  Indians  has  decreased  from  about  14,000  to  about  7,000 

3  purpose  of  the  present  investigation  is  to  gather  data  concem- 
le  underground  waters  of  the  Gila  Valley  and  to  determine  as 
i  possible  the  volume  of  these  Avaters  and  the  probable  cost  of 
ring  them  available  for  irrigation  by  the  Indians. 

REVIEW   OF  PREVIOUS  INVESTIGATIONS. 

1801  ]\[r.  F.  H.  Xewell  published  a  paper  on  the  hydrography  of 
rid  regions''  in  whi^h  he  sums  up  what  was  then  known  regard- 
le  water  resources  of  Gila  Valley. 

1897  a  report  by  Arthur  P.  Davis,  entitled  "Irrigation  investi- 
1  for  the  benefit  of  the  Pima  and  other  Indians  on  the  Gila  River 
n  Reservation,  Arizona,"  was  published.*  In  this  document  Mr. 
i  gives  much  information  concerning  underground  waters.     The 

ell,  F.  II.,  Hydrography  of  tho  arid  regions  of  the  United  StatcH:  Twelfth  Ann.  Kept. 

L'ol.  Survey,  pt.  2, 1891,  pp.  213^{«1. 

ito  Document  No.  27,  Fifty-fourth  Congress,  secoud  seasion,  1807. 
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priiicii>al  part  of  the  pai)er,  however,  is  devoted  to  a  consideration  ol] 
reservoirs  to  impound  the  flood  waters  of  the  Gila. 

In  18&7,  also,  Mr.  Davis  published  a  paper  entitled  "  Irrigatii 
Ph<pnix,  Arizona,"  "in  which  30  pages  are  devoted  iv  Gila  Valley,  lie 
disciLBses  the  topographic  features  of  the  Gila  Basin  and  the  «lmua- 
pheric  conditions  affecting  rain  fall.  Tables  of  precipitation  atvarioiw 
points  and  the  rate  of  discharge  of  the  Gila  and  its  tributaries  a 
given.  The  canals  of  the  Gila  \'Mlley  are  described  and  the  amount 
of  water  diverted  by  Ihem  is  stated.  The  subject  of  nndergrriimd 
waters  is  touched  upou,  and  records  of  some  wells  in  tiila  Vallej  iire 
given. 

In  191)0  J.  li.  Lippincott  published  a  imper  entitled  "Storaj 
water  on  Gila  River,  Arizona."*  This  paper  is  devoted  entirely  tw 
gnestions  relating  to  irrigation  in  the  Gila  Valley.  The  greater  part 
of  th«  paper  is  devoted  to  a  discussion  of  tlie  storage  and  distribution 
of  surface  waters. 

aukjV  t:xabuxkd. 

This  investigation  was  intended  primaiily  to  ascertain  the  ani'pnnt 
of  water  available  far  the  lands  of  the  Indians,  but  in  order  to  oblAin 
data  oonuemiug  the  underground  water  on  the  reservation  tlie  inve-s- 


tigation  was  extended  Ixjyond  its  boi-ders.     Tlio  area  covered  is  limited 
on  the  south  and  cast  liy  the  Southern  Pacific  Railroad  and  the  Florence 


fr 
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Canld  and  on  the  north  by  the  Salt  Kiver  Valley,  in  which  studies  of 
the  same  nature  have  been  carried  on  for  some  time.  The  accom- 
panying map  (fig.  1)  shows  the  area  under  investigation. 

GEOGRAPHIC  FEATURES. 

MOUNTAINS. 

Gila  Valley  is  separated  in  part  from  the  extensive  prairie  lands 
and  Salt  River  Valley  to  the  north  by  a  series  of  hills,  the  most  mass- 
ive of  which  is  known  as  the  Saeaton  Range.     The  hills  form  more  or 
less  of  a  continuous  chain  from  Twin  Buttes  eastward  to  beyond  Flor- 
ence.    They  are  composed  of  a  coarse-grained  granite  core,  flanked  in 
places  by  dark  lavas  and  volcanic  ash.     Toward  the  east  the  massive 
granites  give  place  to  basalt,  ash,  glass,  and  perlite.     In  the  southern 
part  of  tlie  Saeaton  Mountains  proper  are  numerous  sheets  of  fine 
porphyritic  basalt,  interbedded  witli  scoria.     North  of  the  Indian 
village  of  Blackwater  the   massive  granitic  mountains  cease,  and 
thence  eastward  the  chain  is  made  up  of  numerous  low  peaks,  some- 
what isolated.     It  is  probable  that  beneath  the  valley  fill  the  ridge  is 
continuous  and  connects  the  Saeaton  Mountains  with  the  mountains 
to  the  east.     In  other  words,  the  Saeaton  Mountains  and  their  more 
or  less  isolated  outliers  probably  mark  the  location  of  a  mountain 
ridge  which  was  formerly  the  northern  border  of  the  Gila  Valley. 
The  flanks  and  saddles  of  this  ridge  have  been  buried  by  the  valley  fill. 
A  similar  range  of  granite  hills  occurs  south  of  the  Gila,  but  has  no 
obvious  connection  with  the  mountains  to  the  east,  although  a  buried 
ridge  may  connect  it  with  the  mountains  south  and  east  of  Florence. 

There  are  two  mountain  groups  south  of  the  Gila,  separated  by  a 
low  pass  through  which  runs  the  road  from  Saeaton  to  Casa  Grande. 
Directly  south  of  Saeaton  is  the  group  composed  of  the  highest  and 
most  rugged  peaks,  and  southwest  of  Saeaton  is  a  less  rugged  and 
more  scattered  grouj).  Toward  the  southwest  the  peaks  become  pro- 
gressively lower  and  finally  disappear.  It  is  probable  that  the  smalls 
buttes  west  of  Saeaton  station  denote  the  westward  continuation  of 
this  ridge. 

Between  the  eastern  end  of  the  mountains  south  of  Saeaton  and  the 
nearest  mountains  to  the  east  lies  a  broad  sloi)ing  plain  connecting 
Gila  and  Santa  Cruz  valleys.  There  is  a  popular  belief  that  one  of 
the  arms  of  the  Santa  Cruz  enters  the  Gila  in  this  region.  Whether 
this  be  true  or  whether  a  subterranean  ridge  divides  the  waters  of  the 
Santa  Cruz  from  those  of  the  Gila  is  at  present  a  matter  of  conjecture. 
It  is  fairly  certain,  however,  that  the  mountain  groups  and  isolated 
peaks  from  a  point  0  miles  northeast  of  Casa  Grande  to  Saeaton  sta- 
tion are  remnants  of  a  continuous  ridge  which  was  formerly  the 
southern  border  of  Gila  Valley. 
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The  Salt  Biver  and  Estrella  mountaiiw  are  more  compact,  espedallf 
the  Estrella  group.  On  the  northeastern  aide,  the  only  portion  I  kwro 
examined,  these  moontainB  rise  abruptly  frcmi  the  nearly  level  yi- 
ley  floor.  (See  Pis.  I  and  11;  PI;  I  gives  in  contour  the  same  territorf 
shown  in  photograph  in  PI.  11.)  There  are  no  outlying  spun  or 
peaks  on  the  side  toward  the  Oila  until  the  western  end  of  the  reserva- 
tion is  reached.  The  valley  fill  is  built  directly  against  the  abnipt 
mountain  slope.  The  approach  to  the  Salt  River  Range  is  moie 
gradual,  but  the  group  is  compact  in  the.  sense  that  there  are  few 
isolated  outliers. 

PLAINS. 

The  Oila  Yalley,  as  well  as  other  valleys  in  the  region,  is  properly  a 
part  of  the  general  plain  forming  the  desert  surfiice  of  southwestern 
Arizona.  This  plain  is  of  great  extent  and  is  not  definitely  divided 
into  valleys.  The  streams,  except  the  largest  ones,  disappear  shortly 
after  emerging  from  the  hills,  their  waters  sinking  into  the  loose  mate- 
rial of  the  plain's  surface.  Oila  Yalley  merges  into  this  general  plain 
in  three  directions.  First,  it  connects  with  that  {lart  of  it  known  as 
Salt  River  Yalley  to  the  north  between  the  Salt  River  and  Sacaton 
mountains;  second,  it  opens  into  the  extensive  stretch  of  plain  to  the 
south  at  Maricopa,  and,  third,  it  opens  into  that  i»art  of  the  plain 
known  as  the  Casa  Orande  Yalley  through  the  area  in  which  is  situ- 
ated the  reservoir  of  the  Florence  canal. 

The  few  deep  wells  in  and  near  the  Gila  Yalley  indicate  that  in 
former  ages  it  was  excavated  to  a  great  though  unknown  depth  and 
later  filled  with  debris  from  the  hills.  A  more  careful  study  of  physi- 
ographic changes  was  made  in  the  Salt  River  Yalley,  where  there  are 
better  opportunities  for  such  an  investigation.  The  known  facts 
point  to  the  conclusion  that  the  conditions  are  similar  in  the  two  val- 
lo^'^s.  It  seems  evident  that  this  part  of  Arizona  was  a  deeply  dissected 
granitic  region  in  whicli  the  rivers  changed  from  degrading  to  aggrml- 
ing  streams.  The  valleys  were  then  filled  with  silt,  sand,  and  gravel 
brought  down  by  the  streams  and  with  "wash"  from  the  surrounding 
hills.  The  result  is  an  accumulation  of  ''fill"  in  the  valleys  many 
hundreds  of  feet  in  depth  and  composed  of  alternating  beds  of 
silt,  sand,  gravel,  clay,  and  cement,  or  "caliche."  These  beds  are 
irregular,  and  gi'ade  into  one  another  both  laterally  and  vertically. 
The  fill  of  the  valley  is  probably  not  the  result  of  one  continuous 
period  of  aggradation;  there  is  ami)le  evidence  in  neighl)oring 
regions  that  the  streams  repeatedly  changed  from  an  aggrading  to  a 
degi'ading  condition,  and  vice  versa,  but  that,  on  the  whole,  aggra- 
dation predominated.  From  the  surface  of  the  debris  the  crj-s- 
talline  rocks  rise  abruptly  from  the  plain  as  partly  submerged 
peaks.     (See  Pis.  Ill  and  IV.)     Well  records  in  Salt  River  Yalley 
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delicate  that  the  lower  peaks  have  been  entirely  aubmei^ed  in  some 

It  thus  appears  that  with  the  exception  of  the  probable  connection 
'ith  Salt  Rivor  Valley  on  the  north,  which  I  have  previonsly  referred 
3,  and  a  similar  connection  with  the  Sahta  Cruz  Valley  to  the  south, 
he  Gila  Valley  from  The  Bnttes  to  the  junction  of  the  Gila  and  Salt 


Fio.  fl.—Cnm  ae 


in  of  QlUi  Valler  at  The  Bntten  dam  slto,  Aiiiona. 


River  is  a  comparatively  regular  valley,  5  to  1(1  miles  wide  and  75 
mileH  long.  The  material  deposited  in  the  valley  is  for  the  most  part 
unconsolidated  and  admits  water  with  the  greatest  freedom.  Unfor- 
tunately no  wells  have  been  drilled  which  would  give  even  approx- 
imately a  cross  section  of  the  valley  fill.  A  suggestion,  however,  of 
the  conditions  may  be  obtained  from  the  borings  at  The  Buttes  dam 
site  east  of  Florence.    The  accompanying  figure  (llg.  2)  shows  the 


ancient  valley  now  filled  with  river  drift.  In  the  Hui\ey  oi  the  les 
ervoir  site  at  Ihis  place  2.t  holes  were  bored  in  a  search  for  a  firm 
foundation  fur  il  ilam.  Hcd  ro<^k  was  found  at  a  nuiximum  depth  of 
1-2.5  feet.  Tlio  section  of  the  canyon  thus  shown  is  typical  for  the 
whole  valley.  A  siiiiilur  illustration  is  found  in  the  cross  section  of 
the  Riverside  dam  site,  although  this  is  of  less  value  in  this  investi- 
gation, since  it  is  farther  from  the  area  described  (see  Ak.  3). 
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There  are  ouly  two  importatit  wells  »v  series  uf  ve,l]n  mi  the 
Reservation  aud  few  to  the  east  ati'l  soutli  of  it. 

SACATON. 

At  the  Pima  Agency  ani:!  train  ing  school  at  Saoaton  there  is  a  dig 
well  whicli  supplies  water  for  the  school  and  its  surronndiDgs,  MdS 
drilled  wells  which  will  be  used  for  irrigation  when  completed.  Tlie 
dug  well  is  11  feet  in  diameter  and  2G.5  feet  deep  and  contains  about 
8.5  feet  of  watfir.  Thi8weUfami8hed450gaIlon8perminntein  18%,' 
but  at  preseut  it  is  capable  of  yielding  a  continuous  supply  of  only  £50 
gallons  per  minute. 

When  the  irrigation  plant  is  complete  there  will  be  five  12-iiieli, 
double  steel-cased  drilled  wells  2CK)  feet  deep  in  line  16  feet  apart.    The 
^^^  water  will  be  raised  by  a  12-inch  centrifu- 

gal pump  operated  by  steam,  and  will  be 
'-  used  to  irrigate   the  lands  at   the   agency. 

Water-bearing  gravels   giving   promise  of 
abnndiuit  supply  were  struck  at  a  depth  of 
»wMm.  32  feet.     The  Sands  near  the   surface  &n 

also  n'ater  bearing,  bnt  the  water  moves 
less  readily  through  them  than  through 
the  iiioi^i  open  gravels  beneath.  The  water 
gnini»<i4i>riR  riscs  to  withlu  15  feet  of  the  surface.  One 
of  the  notable  features  of  these  wells  is  the 
granitic  material  penetrated.  At  a  depth 
-™idr™.  **'  112  ^fi^*  ^^^  drill  entered  granitic  debris 

similar  to  the  coarse,  angular,  granitic  sand 
deep  well  at    ^f  j|jg  present  mountain  slopes.     Beneath 
"*  this  were  12  feet  of  very  hard  rock  which 

the  driller  insists  was  solid  granite.  The  drill  penetrated  it  with 
difficulty  and  the  material  when  lifted  from  the  well  did  not  seem  to 
be  decomposed  like  the  material  above.  Beneath  this  "granite"  the 
water-bearing  gravels  and  bowlders  were  again  encountered.  It  is 
possible  that  the  "granite"  is  an  ancient  wash  derived  from  the 
granitic  hiUs  which  rise  on  either  side  of  Sacston  and  firmly 
cemented  by  caliche.  On  the  other  hand,  it  is  entirely  possible 
that  the  drill  penetrated  a  granite  bowlder  which  had  been  buried 
long  ago  by  the  accumulating  debris.  Granite  bowlders  8  and  10 
feet  in  diameter  have  been  observed  in  similar  dex>osits  in  several 
places  in  Arizona. 

Of  the  200  feet  of  material  penetrated  at  Sacaton  32  feet  are  of 
sand  and  silt  and  do  not  yield  water  with  as  much  freedom  as  the 
underlying  gravels.     A  thickness  of  52  feet  is  made  up  of  granitic 


"See  Spnato  Doe.  No.  K.  Pittj-fuurth  f. 


Dod  eoaalon,  Iftfl,  p.  21. 
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debris,  but  this  probably  yields  some  water,  and  12  feet  may  be  con- 
sidered nonwater-bearing.  The  remaining  104  feet  are  of  gravel  and 
bowlders  and  yield  water  readily.  As  the  five  wells  are  12  inches  in 
diameter  and  200  feet  deep,  they  would  have  a  i)ercolating  area  of 
3,142  square  feet  if  perforated  throughout  their  depth.  As  96  feet 
are  not  of  first-class  water-bearing  material,  this  area  should  be 
re<lueed,  for  fair  comparison,  by  something  like  one-half  of  the  perco- 
lating surface  represented  by  this  96  feet,  which  would  leave  a  total 
percolating  area  of  about  2,300  square  feet.  Since  this  plant  is  incom- 
plete, no  pumping  tests  have  been  made.  A  similar  plant  in  Salt 
River  Valley — No.  3  of  the  Consolidated  Canal  Company — may  be  com- 
pared with  it.  Two  drilled  wells  15  inches  in  diameter  and  266  feet 
deep  x)enetrate  126  feet  of  water-bearing  gravels.  The  percolating 
area  is  083  square  feet.  These  wells  furnish  202  inches  of  water,  or 
2,275  gallons,  per  minute.  The  percolating  area  therefore  yields  an 
average  of  about  2.3  gallons  per  square  foot  per  minute.  At  this  rate 
the  battery  of  wells  at  Sacaton,  with  a  percolating  area  of  2,300  feet, 
should  furnish  5,290  gallons  per  minute.  On  the  other  hand  Davis 
determined  in  the  experiment  described  that  a  shallow  well  yielded 
only  0.28  gallon  i)er  minute  per  square  foot.  At  this  rate  the  Sacaton 
wells  would  yield  only  644  gallons  per  minute.  There  are  too  many 
variables,  how(»ver,  entering  into,  the  problem  to  make  such  compari- 
sons of  more  than  illustrative  value. 

Analyses  of  v^aterfrovi  wdls  at  SoAiaton,  Ariz,^ 

[Parts  in  100,000.] 

Quantitative:  well.  wSl 

Total  Roluble  solids  at  110"  C 132.6  68.0 

Chlorine  in  terms  of  NaCl  (common  salt) 66. 8  28. 8 

Hardness  in  terms  of  CaSO^  (calcium  sulphate) 29.4  0.0 

Alkalinity  in  terms  of  NajCOs  (black  alkali) 0.0  2.97 

Nitrogen  in  the  form  of  nitrates .  083  .  08 

Nitrogen  in  the  form  of  nitrites .  081  Trace. 

Qualitative: 
Shallow  well,  sulph&tes  and  lime  very  strong,  magnesia  strong;  deep  well,  sul- 
X)liates  distinct,  magnesia  and  lime  very  strong. 

SACATON  TO  FLORENCE. 

Many  shallow  Indian  wells  were  measured  on  both  sides  of  the  river 
between  Sacaton  and  Florence.  Near  the  river  to  a  point  about  5 
miles  west  of  Florence  the  water  rises  in  tlie  wells  practically  to  the 
level  of  the  river  bed.  Three  miles  east  of  Blackwater  village  A.  J. 
Hansen  has  recently  purchased  a  ranch  and  established  a  temporary 


a  The  chemical  anal3rBes  in  thin  i)apor  were  made  at  the  Arizona  exx)eriment  station  at  Tucson 
by  Prof.  B.  H.  Forbes  and  W.  W.  Skinner. 
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pumpiiiK  plant.  The  well  1825  feet  dofip  and  ooiitaius  3  foel  of  waiw. 
A  ttimpnniry  puiiipitig  pluiit  has  been  established  and  furiiUlivs  a 
continuous  stream  of  15  iucbcs.  Mr.  Hau»eu  proposes  putting  •lotrn 
a  aeries  of  sWel-cased  wella  siniilnr  to  those  at  Sacaloii. 

Eugene  Pearson,  5  miles  west  of  Florence,  has  a  woll  from  whielil» 
irrigates  a  few  aci-es  of  laud.  His  well  is  13  by  18  feet  and  24  fwt 
deep.  The  water  is  raised  by  a  small  centrifugal  pump  and  tra^^ion 
engine.  The  pump  has  )>een  in  operation  for  two  years  ami  tlic 
height  of  the  water  is  found  to  Huctuat'e  about  3  feel,  acconlingto 
the  season,  rising  and  falling  in  general  with  the  river.  Tlie  well 
badly  tilled  with  sand  at  the  present  time,  but  still  furnishes  almut  ^) 
inches  of  water. 

A  few  years  ago,  at  Mr,  Beasley's  ranch,  A.  P.  Davis"  made  »n 
experiment  to  ascertain  the  snpply  of  water  available  for  pumping. 
A  well  was  sunk,  striking  water  at  a  depth  of  11  feet,  nud  a  critifl 
feet  sguare  sunk  2  feet  into  the  water-bearing  gravels.  A  H^horae- 
power  engine  and  centrifugal  pump  were  employed  in  the  test, 
was  found  that  the  rate  of  percolation  was  "a  little  over  53  cubic  feet 
per  day  for  each  squai-e  foot  of  iwrcolatiug  snrfaee."  Since  tliis 
experiment  throws  much  light  upon  the  subject  in  hand,  tbe  descrip- 
tion, as  given  by  Mr.  Davis,  is  here  transcribed: 

For  tlio  purpose  of  testing  the  possibility  of  obtBlning  the  reiinUite  qnantitrol 
water  rnilii  wella.  it  was  iletennined  to  make  some  pumping  twtts  of  wells  to  be 
made  or  already  existing  on  the  reservation.  These  operations  were  not  inanga- 
rated  until  the  month  of  May,  because  it  was  desirable  to  test  the  wells  in  the 
dry  season,  when  they  could  not  be  fed  by  subterranean  connection  with,  the  Gila 
Elver.  Thisstream  was  dry  at  Florence  in  February  and  remained  so  nntilJuly. 
so  that  these  tests  may  be  considered  applicable  to  the  dry  seaaon. 

At  Beasley's  ranch,  about  a  mile  above  tbe  eastern  end  of  the  Indian  reserva- 
tion, the  water  rises  in  tbe  dry  bed  of  tbe  Gila  River  and  flows  throttgbout  the 
dry  season  a  stream  of  about  a  i^ubic  foot  per  second.  The  wells  and  vegetation 
in  this  vicinity  were  also  of  an  encoaraging  nature,  and  the  Indians  have  built  a 
canal,  heading  near  this  point,  intended  to  take  water  from  the  river.  The  loca. 
Hon  is  considered  the  most  promising  for  a  water  snpply  near  tbe  upper  end  of  tbe 
reservation,  as  well  as  a  desirable  point  Co  have  such  a  supply. 

By  permission  of  Mr.  Beaaley  an  eicavation  was  made  in  the  lower  edge  of  his 
field,  about  1,000  feet  south  of  the  river.  High  water  sometimes  overflows  this 
spot.  For  a  short  distance  below  the  surface  the  gronnd  was  hard  and  requiml 
plowing,  but  below  this  the  sund  was  removed  by  slip  scrapers  without  plowing. 
At  a  depth  of  about  II  feet  water  was  reached,  and  a  bole  6  feet  square  and  pro- 
tected by  cribwork  was  sunk  about  2  feet  into  tbe  water  stratum. 

A  vertical  gage  was  placed  in  the  well,  reading  to  feet  and  tenths  and  esti- 
mated to  hundredths.  A  10-horsepower  engine  and  centrifugal  pump  were 
employed  to  test  the  well.  To  measure  the  discharge,  a  bor  was  provided  about 
3  by  6  feet  and  3  feet  deep,  with  a  measuring  weir  2  feet  long  and  7  inches  deep. 
The  box  was  divided  into  three  compartments  by  means  of  two  half  partition!*. 

D  EtoMiTkUan.  Aril.:  Senate 
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one  open  at  the  bottom  and  one  at  the  top,  to  quiet  the  waves  and  pulsations  in 
the  water  before  it  reached  the  weir.  The  method  of  test  adopted  was  to  pnmp 
the  well  as  nearly  dry  as  practicable,  measuring  the  discharge  over  the  weir,  tak- 
ing a  reading  of  the  gage  in  the  well  at  the  beginning  and  end  of  the  pumping, 
and  noting  the  time  required  for  the  well  to  refill  to  a  certain  height  somewhat 
below  its  maximum.  This  test  was  repeated  nine  times.  The  rate  of  inflow  was, 
by  these  tests,  in  cubic  feet  per  second,  0.058,  O.O.ie,  0.053,  0.052,  0.050,  0.047,  0.044, 
[).043,  and  0.043. 

The  diminution  in  rate  of  inflow  was  doubtless  due  to  the  drainage  of  small 
subterranean  cavities  in  the  material  near  the  well,  which  absorbetl  a  part  of  the 
inflow.  The  observations  were  continued,  however,  until  the  result  was  practi- 
cally constant,  giving  an  inflow  of  alx)ut  0.043  feet  per  second,  which  the  well 
could  doubtless  furnish  to  a  constant  draft  of  that  amount.  The  area  ex]X)sed  to 
percolation  was  approximately  70  square  feet.  This  gives  a  rate  of  percolation  of 
a  little  over  53  cubic  feet  per  day  for  each  square  foot  of  percolating  surface*. 

The  question  then  arises  whether  by  increasing  the  size  of  the  well  and  thereby 
the  percolating  surface,  a  proportionate  increase  in  the  supply  of  water  could  be 
obtained.  Without  the  actual  construction  of  a  large  and  expensive  well,  with 
the  necessary  timbering,  etc.,  this  (juestion  could  be  determined  only  by  judg- 
ment based  on  a  careful  examination  of  the  conditions. 

Two  influences  operate  somewhat  against  the  supply  being  proportionate  to  tlie 
area  furnishing  it: 

1.  Radial  lines  drawn  from  the  center  of  any  well  through  each  linear  unit  of  its 
circumference  are  more  divergent  in  a  small  than  in  a  large  well.  The  rate  of 
flow  through  the  particles  immediately  adjacent  to  the  well  is  higher  than  through 
those  at  some  distance,  on  account  of  the  pressure  of  the  more  distant  particles. 
This  increased  rate  of  flow  can  diminish  more  rapidly  with  a  small  than  with  a 
large  well  on  account  of  the  greater  diversion  of  the  radial  lines  above  referred  to, 
and  the  small  well  has  consequently  a  somewhat  greater  available  head,  or,  what 
is  the  same  thing,  its  bed  of  supply  is  somewhat  nearer. 

2.  The  small  well  tested  may  be,  and  probably  is,  to  some  extent  drawing 
on  small  cavities  or  reservoirs,  which  would,  under  a  constant  draft,  soon  be 
exhausted. 

On  the  other  hand,  there  are  two  influences  which  operate  strongly  in  favor  of 
the  supply  increasing  faster  than  the  exposed  area: 

(1)  The  larger  well  would  be  made  deeper  and  the  entire  area  of  the  bottom 
and  a  part  of  the  sides  would  furnish  water  under  a  greater  head  than  the  exposed 
area  of  the  small  well. 

(2)  In  many  cases,  and  tlie  one  under  consideration  is  one  of  them,  the  char- 
acter of  material  becomes  coarser  and  more  pervious  with  increased  depth. 

The  two  tendencies  to  increased  supply  are,  under  the  circumstances  of  this  case 
and  the  plans  proposed,  much  more  potent  than  the  two  opposing  tendencies.  It 
is  considered,  therefore,  amply  conservative  to  consider  the  supply  as  increasing 
within  the  limits  proposed  in  direct  proportion  to  the  increase  of  the  i)ercolating 
surface. 

Successful  irrigation  recpiires  a  certiiin  volume  of  water  in  order  to  How  n^adily 
over  cultivated  ground  and  lend  itself  to  the  manipulation  necessary  to  econom- 
ical control  by  the  irrigator.  This  *•  irrigating  head,"  as  it  is  called,  varies  some- 
what with  the  slope  of  the  land  irrigated  and  th(?  character  of  the  soil.  Ground 
with  considerable  slope  can  be  irrigated  with  a  smaller  stream  of  water  than 
similar  ground  on  a  gentler  slope,  and  light  pervious  soil  requires  a  larger  stream 
than  a  soil  relatively  heavy  and  impervious.  For  the  puri)oses  of  the.se  estimates 
it  is  assumed  that  a  stream  flowing  1 ,000  gallons  per  minute  would  be  ample  to 
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meet  the  (.■onditiona  preKeiiteil.  And  to  fnTuiHh  tliis  lunonnt  a  well  of  that  tapMHt; 
ehonld  to  proviiieil.  or  sufficient  storage  tilionld  Iw  fnniisheil,  so  that  by  accmna- 
lating  the  water  as  pninpcd  an  irrigating  htM  could  be  obtamed  for  a  ah«rter 
time.  Such  storage  woulil  materially  in<.-rease  the  relative  coRt  of  the  plant  ntitl 
is  somewhat  wastefnl  of  water.  For  irrigation  on  a  large  scale,  it  is  lar  prefirr- 
able  to  proride  a  plant  that  can  famiab  a  eonstant  irrigating  bead,  and  on  that 
basis  theoe  estiinatea  are  madp. 

A  well  tt>  1)e  depended  npon  for  this  dnty  Ehonld  have  a  caxtanritj  of  ahont 
800,000  cnbic  feet  per  day.  Allowing  M  tmbic  feet  per  day  from  each  wjnare  foot 
of  percolating  anw,  a  well  would  require  an  available  area  of  4,000  siinare  feet 

According;  lu  lh«  figures  giveu  by  Davis,  t.lio  average  yield  of  the 
percrtlatin^  area  is  alioiil  0.28  gallon  per  minute  for  each  square  foot, 
The  average  yield  per  sqnare  foot  in  the  deep  welt  just  oited  is  2.3 
gallotiH  per  minute.  In  comparing  these  figures  it  should  be  noted 
that  the  penwlatiiig  area  experimented  on  hy  Davis  was  ainillar  to  the 
upper  portion  of  the  Hection  shown  in  the  log  of  the  Sacatoii  well, 
which  has  the  double  disadvantage  of  low  head,  since  it  is  near  the 
surface,  and  comparatively  fine  texture,  preventing  a  free  flow. 

At  Florence  the  water  surface  is  60  to  70  feet  deep  at  present, 
nU.hough  it  is  said  tu  vary  greatly  iii  different  years.  Daring  the  past 
few  yeai-s  the  wells  have  Iweii  repeatedly  lowered.  The  records  giire:: 
hy  Davis  for  1897"  show  the  depth  tio  water  at  that  time  to  have  been 
about  4ti  feet  where  now  it  is  CO  to  7fi  feet.  From  Florence  westward 
the  water  eoines  gradnally  nearer  the  snrfa<»  in  pi-oportiou  as  t  he  land 
surface  lowers  to  a  point  where  the  hills  encroach  on  the  valley  from 
the  north.  Near  this  constriction  of  the  valley,  water  is  found  near 
the  surface.  Between  this  point  and  Sacaton  a  large  number  of  Ind  ian 
wells  were  visited  and  the  water  was  found  everywhere  at  practically 
the  level  of  the  river  bed. 

SACATON  TO  THE  JUNCTION  OF  THE  GILA  AND  SALT  RIVERS. 

Only  shallow  wells  are  found  in  this  region,  most  of  them  near  the 
river.  A  few,  liowever,  are  found  several  miles  from  the  river^ 
snfhcient  to  indicat«  that  there  is  a  general  water  table  and  that  the 
differences  in  depth  laterally  are  due  to  the  differences  in  the  surface 
elevation  of  the  land.  There  is  a  comparatively  uniform  inclination 
of  this  water  table  downstream,  corresponding  in  general  with  the 
gradient  of  the  river.  This  part  of  the  valley,  especially  between 
Sacaton  and  Sacaton  station,  is  somewhat  thickly  settled  by  Indians, 
and  shallow  wells  are  nnmerous.  A  few  miles  north  of  the  reserva- 
tion, near  Kyrene,  is  situated  one  of  the  largest  pumping  plants  of 
the  region,  that  of  A.  J.  Hansen.  While  this  plant  should  properly 
be  included  among  the  wells  of  Salt  River  Valley,  it  is  near  enough 

iDaviB.  A.  P.,  Irrigation  uwir  Phoeiili.  Arimna:  WaWr-Sup  aiidlrr.  Paper  No.  B,  tJ.  S,  Gool. 
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to  the  reservation  to  throw  light  upon  the  conditiooB  to  he  expected 
in  the  Giia  Valley,  a  few  miles  to  the  south. 

A.  J.  Hansen's  ivell,  sec.  35,  T.  1 S.,  B.  4  E. — Mr.  Hansen's  pumping 
plant  is  located  about  10  miles  south  of  Tempe.  There  are  four 
12-inch  drilled  wells,  double  steel  cased,  ^0  feet  apart,  and  sank  to  a 
depth  of  200  feet.  A  central  shaft  containing  a  12-ineh  horizontal 
centrifugal  pump  is  sunk  to  water  level.  From  this  shaft  tunnels 
coramunicate  with  the  wells,  which  are  connected  by  a  horizontal 
suction  pipe.  The  pnmp  is  operated  by  a  steam  engine  at  the  surface, 
the  connection  being  made  by  a  belt  extending  downward  to  the 
pump.  The  fuel  used  will  be  crude  oil  until  such  time  as  electric 
power  can  be  furnished  at  a  low  rate  of  cost. 

No  satisfactory  tests  have  been  made  on  the  capacity  of  the  plant. 
Mr.  Hansen  estimates,  from  some  rough  measurements,  that  the  plant 
will  yield  something  over  5,000  gallons  of 
water  per  minute.  He  is  preparing  to  ri 
gate  in  this  way  his  entire  tract  of  land 
of  something  over  1,100  acres.  When  the 
pump  is  run  at  full  speed,  drawing  fron 
the  four  wells  alike,  the  water  level  in  the 
wells  is  lowered  9  feet  3  inches,  mak  of, 
the  total  lift  2I>  feet  3  inches.  When  the 
water  is  drawn  entirely  from  an  end  wel 
the  others  being  shut  off,  the  water  level  n 
that  well  is  said  to  fall  18  feet,  while  in  the 
well  00  feet  distant  it  is  lowered  5  feet 
The  effect  on  the  intervening  wells  was  i  ot 
determined. 

In  drilling  the  wells  very  little  surface    *" "  *    i->8      a  j.  HtLnMos 

■  ■■..  WBOmes  SOQ  h  ot  Tempe, 

water  was  encountered.     At  a  depth  of  Ariz 

feet  water-bearing  gravels   and    bowlde  -a 

were  struck,  and  the  water  rose  5!<  feet;  i.  e.,  to  within  1«  feet  of  the 

surface. 

In  drilling  these  wells  two  circumstances  indicated  the  looseness  of 
the  water-bearing  gravels.  While  the  last  well  was  being  drilled  it 
was  noted  that  the  water  in  the  first  one,  90  feet  away,  moved  in 
unison  with  the  plunge  of  the  sand  pump.  As  the  sand  bucket,  with 
its  massive  attachments,  descended,  the  water  surface  in  the  first  well 
was  agitated  and  moved  slightly  upward;  as  the  sand  bucket  was 
withdrawn  the  water  surface  was  lowered  and  there  was  a  slight 
churning  motion  in  unison  with  the  movement  of  the  drill.  The  sec- 
ond circumstance  was  noted  in  connection  with  the  sinking  of  the 
casing.  The  casing  is  forced  downward  into  tlie  hole  made  by  the 
sand  bucket  by  means  of  hydraulic  pressure.  Ordinarily  it  takes 
considerable  pressure  to  foree  the  casing.  In  Mr.  Hansen's  wells  the 
gravels  were  so  loose  that  the  casing  settled  into  them  of  its  own 
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weight,  and  bad  to  b«  hi>ld  back  to  prevent  it  fi-otu  settlint;  fasl^i 
than  desired. 

Annlyatn  of  ivater  from  A.  J.  Hansen'ii  irell,  eouth  uf  Tempe,  Ariz. 

Quantitative:  iiiUiii 

Total  soluble  wilidB  at  110' C iV,.* 

CUoride  in  t^rms  of  NaCl  (common  salt) -.- _ 307.1' 

EurdneaslQ  terms  of  CaSO,  (calciom  sulphate) _ 18S.I 

,  Alkalinity  in  t*Tm8  of  Na,CO.  (black  alkali).  _ 0.( 

Nitrogen  iii  the  fonn  of  nitrates Ftint 

Nitrogen  in  the  form  of  nitrites \  TtiaX. 

Qoalitatire: 
Sniphatee.  magnesia,  an<l  lime,  very  strong. 

MARICOPA. 

Several  wells  were  visited  in  the  vicinity  of  Maricopa.  At  Maricopt 
station  a  well  9  feet  in  diameter  and  50  feet  deep  was  dug  in  1S90. 
At  present  there  i.s  7  feet  of  water  in  it.  The  pnnip  when  runnii^ 
disehai^a  (17  gallons  per  minute,  and  lowers  the  water  in  the  well  4.5 
feet.  One  mile  and  a  half  west  of  Maricopa  the  Southern  Pacific 
Railroad  Company  haa  a  well,  dug  in  188-^.  It  is  !i  feet  in  diameter 
and  41)  feet  doep,  with  8  feet  of  water.  The  pump  discharges  134 
gallons  per  minute  continuously,  and  lowers  the  water  in  the  well 
fi  feet. 

AiuHy«i»  of  the  Bauthem  Paeifie  Railroad  Company'*  toell  I.S  milet  west  of 
Maricopa ^  Ariz. 
QuantitatiTe:  loo.ooa. 

Total  Bolnble  solids  at  1 10°  C 39. 8 

Chlorides  in  terms  of  Naa  (common  salt) 6.4 

Hardness  in  terms  of  CaSO,  (calcium  snlphate) 5.41 

Alkalinity  in  terms  of  Na,CO,  (blaekalkali) 0.0 

Nitrogen  in  the  form  of  nitrates , 0.104 

Nitrogen  in  the  form  of  nitrites Verj-  faint, 

QaalitatiTe: 
Sulphates  and  magnesia,  strong;  lime,  faint, 

Analytia  of  water  from  P.  M.  WUHamt's  well,  Marioopa  afo^jon,  Ariz. 

QnantitatiTe:  ioa,oou. 

Total  Bolnble  solids  at  110°  C _ _ 160.0 

ChlorideB  in  terms  of  NaCI  (common  salt) 50.0 

Hardness  in  terms  of  CaSO,  (calciom  sulphate) 24.48 

Alkalinity  in  terms  of  Na,CO,  (black  alkali) 0. 0 

Nitrogen  in  the  form  of  nitrates .80 

Nitrogen  in  the  form  of  nitrites 0.0 

Qualitative ; 
Sulphates  and  magnesia,  very  strong;  lime,  strong. 
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About  fifteen  years  ago  the  Arizona  Vineyard  Company  dag  a  well 
12   by  20  feet  near  Maricopa  and  estab-  ^._^^ 

lished  an  extensive  pnmping  plant  for  ir- 
rigation. A  large  quantity  of  water  was 
obtained,  but  for  financial  reasons  the  plant 
was  never  completed. 

About  the  same  time  a  well  was  drilled 
near  Alaricopa.  At  a  depth  of  90  feet  a 
water-bearing  bowlder  bed  was  entered, 
but  the  drilling  machinery  was  not  ade- 
quate to  drive  through  the  bowldera  and 
the  well  was  abandoned. 

These  wells,  as  well  as  several  pri- 
vate wells  which  I  visited,  indicate  that 
a  large  quantity  of  water  is  here  avail- 
able within  reasonable  pumping  distance 
of  the  surface  and  that  a  bowlder  stra- 
tum exists  here  similar  to  that  encoun- 
tered at  Sacaton  and  in  the  Salt  River 
Valley. 

CASA  QRAMDB. 

Until  two  years  ago  the  railroad  com- 
pany obtained  water  at  Casa  Grande  from 
a  dug  well  10  feet  square  and  54  feet  deep. 
It  had  12  feet  of  water.  A  continual  dis- 
charge by  the  pump  of  200  gallons  per 
minute  lowered  the  water  only  2  feet. 
This  water  was  so  strongly  alkaline,  how- 
ever, that  it  was  thought  best  to  drill  deep 
wells  in  the  hope  of  obtaining  water  of 
better  quality.  In  1901  two  10-inch  wells 
were  put  down  to  a  depth  of  625  and  filiS 
feet.  The  beds  yielding  alknli  water  ex- 
tend to  a  depth  of  lilO  feet.  Water  was 
encountered  again  at  a  depth  of  475  feet 
and  rose  to  within  4!)  feet  of  the  surface. 
Additional  depth  did  not  increase  the 
amount  of  water,  and  the  drilling  was  dis- 
continued. The  weils  yield  167  gallons 
per  minnte  and  the  water  is  soft  and  free 
from  obnoxious  salts.  The  material  passe<l 
through  WHS  sand,  clay,  etc.,  to  a  depth 
of  195  feet,  when  ahale  and  red  sand- 
stone were  encounteroil,  as  indicated  in  the  accompanying  log 


I 


□  .  e._Logot  the  Baathei 
IQc  Railroad  Compan;'i 
it  Can  Or&nde,  Artz. 
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Well  reeords  in  and  near  OOa  FoUey. 
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RETUEK    WATEES. 
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RETUKN  WATERS. 
EAST  OF  SACATON. 

About  10  miles  east  of  Sacaton,  and  east  of  the  point  where  the 
hills  encroach  upon  the  valley,  the  undergroimd  water  reaches  the 
surface  and  returns  in  considerable  amount  to  the  river  bed,  forming 
a  snrface  stream  of  several  hundred  inches,  the  amount  of  water 
varying  with  the  season.  This  stream  continues  on  the  surface  for  a 
few  miles  and  again  either  disappears  into  the  sands  of  the  river  bed 
or  is  diverted  for  irrigation.  On  eithei"  side  of  the  river  in  this 
vicinity  are  swamps  and  sloughs  containing  water  throughout  the 
year. 

North  of  the  river  the  imderground  water  surface  is  several  feet 
alK>ve  the  level  of  the  river  I)ed  and  the  water  occurs  in  quantities 
sufiicient  to  justify  some  expenditiii-e  for  its  development.  A  seepage 
ditch  has  recently  lieeii  constructed  at  this  point.  The  ditch  has 
been  run  1,000  feet  into  the  water-saturated  sands  and  gravels.  It 
has  a  maximum  depth  of  11  feet,  reaching  18  inches  below  the  level 
of  the  river  bed.  It  is  1.5  feet  wide  at  the  bottom  with  a  1  to  1  slope 
of  the  sides.  When  the  ditch  was  first  constructed  the  water  stood  4 
feet  above  the  level  of  the  river  bed.  The  ground  near  the  ditch  was 
soon  drained,  however,  ami  at  the  present  time  water  is  obtained  from 
only  the  lower  is  inches.  J.  11.  Meskimons,  the  engineer  in  charge  of 
the  construction  of  this  ditch,  reports  that  it  is  furnishing  75  to  125 
inchesof  water,  the  fimo  tint  varying  with  the  season,  l-'ora  distance  of 
4  miles  in  this  vicinity  test  wells  were  sunk  as  guides  iu  running  the 
e  ditch.     Water  was  fnun«l  from  1  to  11  feet  below  tlie  surface.    , 
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The  wafer  lahle  is  practitrally  n  plniie  aitrfaee,  the  ditTerence  in  depth 
being  due  to  tJie  rontom-  of  the  land.  To  test  the  quantity  of  water 
a  well  point  was  driven  to  various  dcptliB  down  to  35  feet  aud  the  avail- 
fthle  (iiiantily  tested  by  pumping  at  iDtervals  of  3  feet.  The  piiw  wia 
only  1.25  inches  in  diameter,  yet  a  hand  pump  is  said  to  have  drawn  50 
gallouH  per  minute  from  it  without  difliculty  at  each  depth  t^stod. 

A  small  seepage  ditch — ^the  Iladk-y  dittli — was  constructed  some 
yearn  ago  south  of  Uje  river,  near  tho  moutli  of  McCIellan  Wash. 
At  the  time  of  my  visit  water  was  standing  in  the  ditch,  bat  no  nmoniil 
worthy  of  mention  was  lieiug  olitained,  and  the  diteh  is  report*^  it 
failure. 

GILA  CROSSING, 

A  much  nmre  important  area  of  rctui-u  watt-r  is  tho  western  third 
of  the  reservation,  extondiiig  from  the  niilroiid  to  the  month  of  Sail 
Kiver.  Within  this  distanee  of  about  20  miles  sis  irrigation  ditches 
have  been  constructed  by  the  Indians,  each  of  which  in  turn  diverto 
all  the  water  in  the  river  except  in  time  of  flood. 

In  the  course  of  liia  investigations  for  the  development  of  water 
near  Gila  Croswing,  Mr.  Meskimons  measured  the  discbai^-  at  various 
places  on  June  1,  l'J03,  with  the  following  results: 

Diufhnrge  mpOMttntnenU  o/gfepage.  inatfr  nfttr  Oila  Orowrfnj/.  Arix. 

Wf'tilMlit.-h     itn 

Thomas  ditch_ 600 

Hoover  ditch  ...    800 

Cooperative  ditch _ _. 150 

Head  ditch __ .     .  150 

Walker  ditch 50 

Water  tmappropriateil  in  river.  __  600 

Total  available  amount. 2.050 

This  water  is  entirely  derived  by  seepage  from  the  underflow, 
no  account  being  taken  of  flood  water. 

Alx)ut  5  miles  west  of  the  railroad  and  a  little  north  of  the  channel 
of  the  Gila  lies  a  small  body  of  water  Jtnown  as  "The  Lake."  It  is 
surrounded  by  marshy  ground,  but  the  body  of  water  itself  is  about 
4,(XJ0  feet  long.  From  its  shape  it  appears  to  be  an  abandoned  river 
channel.  Tho  water  is  about  0  feet  deep,  with  a  much  greater  depth 
of  soft  umd  at  tlie  bottom.  There  is  a  constant  discharge  of  water 
from  This  lake  through  the  swampy  slough  connecting  It  with  the 
river  channel.  The  water  is  now  partially  diverted  by  the  Hoover 
ditch.  Klforts  are  being  put  forth  to  conserve  this  supply  and,  if 
possible,  to  develop  a  greater  supplj. 

J.  R.  Meskimons,  one  of  .the  engineei-s  in  the  Indian  Service,  has 
recently  made  investigations  and  surveys  looking  to  the  development 
of  this  water  for  tho  benefit  of  the  Indians,  and  is  convinced  that  a 
notable  quantity  of  water  may  be  obtained  at  a  reasonable  otwt. 


I.KB.^ 
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Water  occurs  near  the  surface  over  a  large  part  of  the  lowlands 
of  the  western  third  of  the  reservation.  Bogs  and  sloughs  are  of  fre- 
quent occurrence.  At  the  edge  of  one  of  these  sloughs,  near  the 
Indian  village  at  Gila  Crossing,  large  springs  were  noted  boiling  up 
from  the  sands  below.  One  spring  had  a  discharge  of  about  25  gal- 
lons per  minute.  These  springs,  together  with  the  large  quantities 
of  wat-er  always  present  in  the  slouglis  and  the  lake,  show  how  readily 
the  water  moves  in  the  underflow. 

The  importance  of  the  perpetual  water  supply  in  the  lake  and  the 
sloughs  near  Gila  Crossing  can  not  be  too  much  emphasized.  Such 
water  bodies  in  a  region  where  rainfall  is  abundant  or  where  streams 
are  perpetual  would  be  of  little  consequence.  These  bodies  of  water, 
however,  exist  in  the  midst  of  a  desert,  where  the  rainfall  is  not  only 
not  enough  to  be  seriously  considered  as  a  source  of  supply,  but  is 
only  a  small  fraction  of  the  amount  actually  lost  by  evaporation.  The 
annual  rainfall  is  about  7  inches,  while  the  annual  evaporation  is  about 
91  inches.  Furthermore,  for  a  distance  of  about  50  miles  upstream 
from  *'  The  Lake"  the  Gila  channel  is  dry  except  in  times  of  flood,  and 
it  is  very  seldom  that  the  floods  are  of  sufficient  volume  when  they 
reach  Gila  Crossing  to  directly  affect  the  quantity  of  water  in  the 
lake  and  the  sloughs.  This  water  is  wholly  due  to  a  return  to  the 
surface  of  water  that  entered  the  valley  flU  many  miles  from  Gila 
Crossing. 

In  the  hope  that  a  chemical  analysis  of  this  water  would  throw  some 
light  upon  the  source  of  this  underflow,  analyses  were  made,  which 
resulted  as  follows: 

Analyses  oficaterfrom  the  underflow  near  Gila  Crossing^  Arizona, 
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irNlJKIlFLOW. 

GILA   RIVER. 

Aa  already  iodieatpd,  the  Gila  Valley  in  this  region  ooDBustH  of  h 
long  and  comparatively  nurrow  depression  filleti  with  debris  from  Ik 
moantains.  This  d^t)ri.s  ia  generally  iincomcHU'd  and  allows  water 
to  pass  readily.  TSo  imiXTvious  day  or  cfirnont  layer  of  iiiiportaiii'4 
was  eooountered  in  sinking  the  veil  at  Sacaton,  the  only  deep  well  ii 
that  re^on.  1/  this  one  example  is  typical  of  the  valley,  there  is  notli- 
ing  to  prevent  the  surface  waters  from  quickly  sinking  into  the  loose 
sands  and  gravels  of  the  valley  fill.  It  is  a  matter  of  comment  anun^ 
those  familiar  with  the  Gila  that  when  floods  descend  the  river  Xta 
velocity  of  the  water  is  much  greater  than  the  velocity  of  the  advanc- 
ing front  The  water  of  the  smaller  floods  sinks  and  is  lost  oom- 
pletely  in  the  loose  sands  and  gravels  before  it  has  traveled  any  gteat 
distance  in  the  parched  channel.  With  the  larger  floods  the  phe- 
nomena are  different.  A  large  part  of  the  water  in  the  advancing 
front  of  the  flood  is  taken  by  the  thirsty  sands  of  the  broad,  dry  river 
bed,  and  it  is  only  after  the  surface  sands  have  been  saturated  tliat 
the  flood  passes  over  them.  Only  the  largest  floods  flud  their  way 
above  ground  to  the  month  of  the  river.  In  the  upper  portions  of  the 
valley  large  quantities  of  water  sink  into  the  valley  fill,  and  at  the 
constriction  of  the  valley  east  of  Sacaton,  and  again  near  Gila  Cross- 
ing, the  underground  water  again  reaches  tho  surface.  In  addition  to 
this,  wells  throughout  the  valley  dug  to  no  great  depth  yield  an  abun- 
dance of  water,  though  the  amount  has  l>een  measured  in  but  few 
places.  The  rainfall  in  the  vallej'  is  inadequate  to  account  for  more 
than  a  small  portion  of  this  underground  water,  and  it  must  enter  the 
valley  fill  from  an  outside  source.  In  the  upper  part  of  the  valley 
the  only  obvious  source  is  Gila  River,  tc^ether  with  occasional  AooiIh 
from  the  hills  north  and  .south  of  the  valley.  It  follows,  therefore, 
that  these  waters  find  tlieir  way  through  the  valley  fill,  and,  working 
slowly  down  the  valley,  constitute  what  is  known  as  the  underflow. 

SALT  RIVER  UNDERFLOW. 

There  are  reason.s  for  bidievingthattheundergrouud waters  of  Salt 
River  Valley  find  their  way,  to  some  extent  at  least,  by  undergi-ound 
passages  between  Salt  River  Mountains  and  Sacaton  Mountains,  .join- 
ing the  Gila  underflow  west  of  where  the  railroad  crosses  the  (Jila. 
This  subject  will  be  discussed  in  the  report  of  Salt  River  A'alley,  and 
need  not  be  repeated  in  this  connection.  It  may  be  said,  however, 
that  the  abundance  of  seepage  or  return  water  near  Gila  Crossing  is 
in  part  due  to  the  Salt  River  underflow.  With  this  underrtow  may  be 
included  that  of  Queen  Greek,  entering  from  north  of  the  Sacaton 
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Mountains,  although  the  amount  of  water  yielded  by  the  creek  is 
thought  to  be  very  small  compared  with  that  from  Salt  River. 

SANTA  CRUZ  UNDERFLOW. 

The  waters  of  the  Santa  Cruz  ordinarily  sink  beneath  the  surface 
long  before  they  reach  the  region  shown  in  the  accompanying  map 
(PL  I.)  The  floods  of  the  Santa  Cruz,  however,  are  said  to  find  their 
way  over  the  plain  near  Casa  Grande  and  Maricopa  and  finally  reach 
the  Gila  north  of  Estrella  Mountains. 

Certain  more  or  less  isolated  depressions  in  the  plain  have  probably 
been  formed  by  these  floods  and  may  be  taken  to  indicate  roughly  the 
course  which  the  Santa  Cruz  would  follow  should  that  stream  con- 
tinue above  ground  until  it  joined  the  Gila.  It  would  seem  from 
these  indications  that  the  ancient  valley  of  the  Santa  Cruz  joined  the 
Gila  in  the  vicinity  of  Maricopa.  This  hypothesis  is  strengthened 
by  the  fact  that  wide  stretches  of  graded  plain  occur  about  Mari- 
copa, and  the  material  composing  the  surface  of  this  plain  to  a  depth 
of  at  least  90  feet  is  river  wash  filled  with  water.  This  hypothesis  is 
also  in  accord  with  the  abundance  of  seepage  water  in  the  lowlands 
near  Gila  Crossing.  It  is  probable  that  the  large  amount  of  under- 
ground wat^r  evident  in  this  region,  an  amount  sufficient  to  saturate 
the  valley  fill  and  still  give  an  overflow  of  more  than  2,000  inches,  is 
due  to  the  junction  of  the  three  underflows — Gila,  Salt  River,  and 
Santa  Cruz. 

In  this*  region  it  is  generally  believed  that  the  rise  of  the  under- 
gi-ound  water  east  of  Sacaton  and  again  near  Gila  Crossing  is  due  to 
the  existence  of  natural  subterranean  dams  or  reefs  of  rock  across  the 
valley  over  which  the  water  must  pass,  thus  causing  a  rise  of  the 
water  surface  back  of  the  dams.  My  observations  point  to  the  con- 
elusion  that  the  valleys  are  valleys  of  erosion,  although  modifled  to 
some  extent  by  subsequent  movement,  and  later  fllled  with  debris 
brought  down  by  the  streams  and  washes.  If  this  view  he  correct,  a 
subterranean  dam  could  not  exist  across  the  valley  unless  made  by 
some  accident  subsequent  to  its  excavation,  such  as  faulting  and  tilt- 
ing of  a  crust  block  or  by  volcanic  outburst.  No  evidence  has  thus 
far  been  noted  of  any  accidents  which  would  tend  to  form  such  sub- 
terranean dams.  It  seems  more  rational  and  more  in  accord  with 
the  natural  course  of  events  to  explain  the  phenomena  as  due  to  the 
known  decrease  in  width  of  the  valley  rather  than  to  a  hypothetical 
decrease  in  depth  due  to  a  subterranean  dam.  As  the  underflow 
approaches  a  narrow  place  in  the  valley  the  water  surface  must  of 
necessity  rise  in  order  that  the  water  ma}'  be  forced  through  the  con- 
stricted passage,  just  as  a  flood  in  a  broad  valley  with  a  constricted 
outlet  will  be  higher  in  proportion  as  the  outlet  is  narrow. 
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AMOUNT  OF  UNDERFLOW. 

Tim  ijiiitiility  of  water  in  the  underflow  depends  upon  at  least  Uirc*' 

(1)  TliL'  rainfall  in  the  valley  contributes  to  the  underflow.  In  the 
vicinity  ot  Phoenix  tho  auiiual  rainfall  biLsed  on  an  average  of  K 
yean*  is  7.^5  inches.  Much  of  the  water  soon  evaporate*  from  the  sur- 
face, but  some  no  doubt  finds  its  way  into  the  underflow.  This  ia 
especially  true  when  the  precipitation  occurs,  as  is  likely  to  be  the 
case,  in  short  hea\'y  showers  or  "cloudburst*."  There  Beems  to  Ir 
no  iniperviou.'*  layer  of  clay  or  oement  to  prevent  surface  waters  from 
joining  the  underflow  of  the  Gila,  as  in  Salt  River  Valley.  At  Sacaton 
the  deep  well  indicates  that  pervious  mat«rial  is  practically  codUd 
ous  from  the  top  downwai-d, 

(2)  Springs  from  the  hillsides  now  buried  by  the  valley  fill  may  send 
their  waters  through  the  giavels  to  joiu  the  undeiflow.  It  is  prob- 
able, however,  that  such  waters  are  too  limiU'd  in  volume  to  be 
considered. 

(3)  By  far  the  most  important  sources  of  the  water  of  the  nnderflow 
are  the  various  streams  entering  the  valley  from  the  hills,  the  prin- 
cipal one  being  the  Gila  itself.  These  streams,  with  the  exception  of 
the  Gila,  are  dry  for  the  greater  part  of  the  year.  The  occasional 
floods  enterinE  the  valley  sink  into  the  loose  material  of  the  valley 
fill,  in  which  lliv  wal.t-r  i>  held  u;*  in  a  sponge  and  slowly  works  ilj* 
way  through  this  material  down  the  valley. 

The  data  at  hand  are  inadequate  to  give  more  than  the  roughest 
estimate  of  the  quantity  of  the  underflow.  Mr,  Lippincott"  states 
that  "in  the  Gila  Narrows,  below  the  Sanchez  ditch,  there  was,  on 
April  15,  1899,  237  secoiid-feet  of  water.  Within  a  distance  of  40.7 
miles  below  this  point  there  was  diverted  in  ditches  429. S  second-feet 
of  water.  A  small  amount  of  water  is  wasted  back  into  the  river 
from  these  ditches,  but  the  actual  amount  used  for  irrigation  is  04 
percent  in  excess  of  the  amount  available  for  that  purpose  at  the 
highest  point  of  diversion."  Other  places  along  the  Gila  where  no 
measurements  have  been  made  would  probably  show  a  similar  return 
of  the  underground  waters  to  the  surface.  As  I  have  previou.sly 
stated,  there  are  two  such  places  in  this  region  where  partial  measure- 
ments have  been  mwle. 

To  obtain  even  the  roughest  quantitative  estimate  of  the  underflow 
it  would  be  neces,sary  to  determine  the  volume  of  water  entering  ihc 
valley.  This  would  necessitate  the  measurement  of  the  rainfall,  ihe 
measurement  of  all  surface  streams  entiring  the  valley,  and  the  nieas- 
nrement  of  the  underflow  of  Gila  River,  Salt  River,  Santa  Cruz  Wash, 

Clie  Oils  RlTtT,  Arizona:  Wkter-Sap.  and  Iir.  Paper 
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and  others.  It  would  also  require  a  measurement  of  the  actual  as 
distinct  from  the  theoretical  loss  by  evaporation,  as  well  as  of  the 
amount  of  the  flood  waters  of  Gila  River  which  pass  out  of  the  val- 
ley. The  only  factors  which  have  been  measured  are  the  rainfall, 
the  theoretical  evaporation — that  is,  evaporation  from  a  continually 
exposed  water  surface — and  the  surface  flow  of  Gila  River  at  The 
Buttes.  Measurements  have  been  made  at  other  points  higher  up  the 
Gila,  but  these  do  not  have  any  direct  bearing  on  the  problem  in  hand. 
Records  have  also  been  kept  of  the  rainfall  at  a  number  of  points  in 
this  vicinity.  Such  records  as  apply  directly  to  this  part  of  the  Gila 
Valley  are  given  below. 

SOURCE  OF  UNDERFLOW. 
PRECIPITATION. 

The  following  account  of  the  rainfall  is  given  by  Mr.  J.  B.  Lippin- 

cott :« 

Rainfall  observations  have  been  taken  at  31  different  points  in  the  basin  of  Gila 
River  above  The  Bnttes,  ♦  *  *  the  earliest  record  beginning  at  Fort  Bayard, 
N.  Mex.,  in  1867.  Undoubtedly  the  greatest  precipitation  of  the  basin  occurs  in 
the  higher  monntains,  in  its  northeastern  portion.  The  records  for  these  mountain 
districts  are  rare,  most  of  them  being  taken  in  the  valleys  where  settlements  and 
agriculture  occur.  It  is  probable,  therefore,  that  the  actual  rainfall  for  the  basin 
is  greater  than  that  indicated  by  the  tables  and  diagrams.  For  the  purpose  of 
this  rei>ort  the  rainfall  observations  in  the  basin  of  Gila  River  above  The  Buttes 
have  been  grouped  in  three  classes  in  the  following  table.  First,  the  Gila  Basin 
proi)er,  exclusive  of  the  basin  of  the  San  Pedro;  second,  the  basin  of  the  San  Pedro, 
and,  third,  a  series  of  observations  at  three  stations  in  the  vicinity  of  Florence, 
five  stations  in  the  basin  of  Santa  Cruz  River,  which  stream  enters  the  Gila  below 
the  mouth  of  the  Salt,  and  three  sets  of  observations  in  the  vicinity  of  Phoenix. 
The  segregation  of  the  records  into  the  groups  named  is  for  the  purpose  of  com- 
paring the  relative  amount  of  water  available  for  storage  purposes  at  the  reservoir 
site  at  San  Carlos  and  at  The  Buttes. 


aLippincott,  J.  B.,  Storage  of  water  on  theOila  River,  Arizona:  Water-Sup.  and  Irr.  Paper 
No  33,  U.  8.  Geol.  Survey,  1900,  pp.  l»-aO. 
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Annual  rainfall  at  stations  in  basin  of  (Hla  River,  in  the  vicinity  of  Florence, 

Tucson,  and  Phoenix,  Ariz, 
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From,  these  daily  meftaarementa  of  area  and  frequent  meaaareiiieiits  of  dl«- 
iHMTgi!,  together  with  the  nttiitg  tables  mentioned  above,  the  followini;  table  nl 
Toliunea  of  dischArge  for  Oila  River  at  The  Buttee  from  November  'iit.  1!<98.  to 
'  September  30, 1809,  has  been  prepared. 

Eitimaled  moHlhly  iliactiarge  of  Gila  River  at  TIte  Button,  Arizona. 
IDralnage  area.  t7,«K  sqiure  mlle^.] 
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Estimated  monthly  discharge  of  Oila  River  at  The  Buttes,  Arizona — Continued^ 
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From  the  foregoiiij;  data  the  followiug  tables  of  annnal  discharfire  of  Gila  River 
at  The  Battes  have  been  coiupikd: 

Enlimuted  annual  tlincburgi-  of  Gila  Rii-er  at  T)ie  Butten.  Arizona. 

Acre-twt. 

Seasonal  yenr  1889-90,  Sept.  I  to  Aug.  81  366. 561 

PractioDal  year  1S95,  Aug.  1  to  Dec.  31 354, 4!9 

Yearl»96 _ 616.306 

Fractional  year  18B7.  Jan.  1  to  Oct.  3 503.5S5 

Year  1898.  approsiinate _ _.    _ _.        363.9f« 

Fractional  year  1899.  Jan,  I  to  Sept.  30 2O3.B10 
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In  order  to  get  the  ipreatest  possible  value  from  the  records  which  have  been 
compiled,  and  more  particularly  to  make  comparison  with  the  annual  rainfall 
records,  the  table  given  below  has  been  prepared.  In  this  statement  every  month 
in  which  measurements  were  taken  is  considered  in  the  determination  of  an  aver- 
age monthly  discharge  for  each  month  of  the  year.  There  are  sixty  months  in 
all  during  which  observations  were  made,  there  being  five  different  years  In 
which  the  flow  was  observed  between  January  and  Septembar,  Inclusive,  and 
four  years  in  which  November  and  December  observations  were  made.  From 
this  table  the  mean  monthly  discharge  is  determined,  and  where  a  year  has  seven 
or  more  months  of  measured  record,  the  remaining  portion  of  It  being  deficient, 
the  mean  monthly  discharge,  as  determined,  is  substituted  for  the  months  in 
which  the  record  is  defective.  In  this  way  a  complete  estimated  record  for  five 
years  is  obtained,  four  months  having  been  supplied  for  the  year  1890,  two  for  the 
year  1897,  and  three  for  the  present  year,  1899.  A  mean  annual  discharge  is 
obtained  by  adding  the  mean  monthly  discharges  actually  measured,  so  that  the 
mean  annual  discharge,  which  is  485,545  acre-feet,  is  determined  only  from  actual 
measurements  and  includes  all  measurements  that  have  been  made.  According 
to  the  census  of  1890,  there  were  but  6.619  acres  irrigfated  from  this  great  water 
supply,  or  less  than  3  per  cent  of  its  possible  utility.  Practically  the  same  area  is 
irrigated  at  present  as  in  1890. 

Estimated  mean  monthly^  annual^  and  mean  annual  discharge,  in  acre-fe^t^  of 

Gila  River  at  The  Buttes,  Arizona. 

[Drainage  area,  17,834  sqnare  miles.    Sixty  montlLs  of  observation  ] 


1890. 

189*.. 

1897.. 

1898  . 

1899  . 


Mean 


41.812 
24.849 
79. 074 
39. 352 
19. 552 

40. 828 


32.100 
12. 027 
49. 0'39 
26. 936 
13.273 

26.675 


23. 795 
14.880 
43. 165 
29.083 
7.993 

23. 783 


14.161 
10.711 
41.296 
32. 549 
3.689 

20.481 


5.350 

1.968 

13.773 

17.954 

1.107 


Year. 


July 


'.  995 


1889  

1890 

1895 

1890 88.604 

1897...- I  34.741 

I 

1898 !  124.328 

1899 '  73.060 


8.030 


Auf^ist. 


7.616  0.655  12.614 

192.888  ^'52.503  "83.109  "36.491 

97.336  !  48.317  96.966  65.633 

49.805  ;  58.314  254.868  61.706 

40. 129  •  141 . 084  49. 190  "  36. 491 

33.018  I  16.066  4.85}^  6.010 

41.307  43.622  ^'83.109  "36.491 


1.666 

.298 

3.094 

14.995' 

.307 


4.072 


^Kr!"'      Oc-tober.      ^'{^l^-    DecemWr.      Total. 


16.909 

"30.129 

523. 

775 

46. 177 

38. 676 

616. 

206 

« ::o.  129 

570. 

205 

18.753 

363. 

902 

"  30. 129 

353. 

639 

Meafti 


65.745       77.247       52.5(»3       S3. 109       36.491       30. 129  |    469.093 
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For  till'  purposi's  of  iho  prewnt  study  Tht-  Unites  may  l>o  cou»il- 
ered  as  the  upper  end  of  Ciila  Valley,  and  the  junction  of  Gila  and 
Salt  rivers  thp  lower  end.  The  quantity  of  water  discharged  at  The 
Buttes  is  given  in  Hecond-feet  iu  the  accompanying  tables.  Records 
at  The  Buttes  for  the  forty-eight  months  iiidit-ate  a  small  and  com- 
paratively regular  flow  anil  a  few  heavy  floods.  It  is  a  well-known 
fact  that  the  waters  of  the  Gila  l)eli)«"  The  Buttes,  e.xc^-pt  in  times  of 
flood,  sink  beneath  the  surface  anil  leave  the  river  bed  drj-.  It  Is  not 
possible  at  present  to  slate  what  jKirlion  of  the  total  discliarge  at  The 
Buttes  thus  entei-s  the  }:round  as  underflow. 

While  exact  computation  is  impossible,  it  may  1>e  useful  to  make 
an  estimate  based  on  assumptions  that  seem  to  be  safely  conservative. 
It  is  certainly  on  the  side  of  conservatism  to  reganl  the  underflow 
us  equttl  to  the  minimum  surface  discharge  of  the  river  at  The  Buttes, 
It  may  1>e  objected  that  this  is  a  useless  assumption,  owiti^  to  the 
fact  that  in  times  of  low  water  the  Florence  Canal  diverts  all  the  sur- 
face flow.  Some  of  The  water  thus  diverted  and  spi-ead  over  the 
surface  of  the  laud  evajxtrates,  and  some  sinks  intu  the  ground  and 
joins  tlie  underflow.  It  is  probable,  however,  that  the  floods  which 
pass  the  head-gates  of  the  canal  and  sink  from  sight  Iwfore  reacbing 
the  lower  Gila  will  more  than  counterbalance  the  loss  due  to  diversion 
by  this  canal.  The  average  daily  minimum  discharge  for  the  forty- 
eight  months  that  it  was  measured  was  242  second-feet.  It  may  safely 
be  assumed  that  at  least  this  amount  joins  the  underground  waters  in 
the  upper  portion  of  the  valley.  At  this  rate  the  underflow  would 
reach  17.5,31X1  acre-feet  per  year.  By  this  volume  of  underflow  is 
meant  not  the  total  volume  of  the  nnderground  waters,  but  the  vol- 
ume of  water  that  will  pass  through  a  given  cross  section  of  the  val- 
ley All  in  one  year.  This  estimate  titkcs  no  aceonnt  of  a  numlier  of 
factors  which  combine  to  gi-eatly  iucrease  the  quantity  of  the  under- 
flow. Some  of  the  more  important  of  these  factors  are,  first,  the 
water  flowing  through  the  105  feet  of  sand  and  gravel  Ailing  the  old 
river  !>ed  beneath  the  river  at  The  Buttes  (see  fig.  2);  second,  the 
greatly  increased  amount  available  during  the  times  of  flood;  third, 
the  occasional  floods  from  the  numerous  tributarj'  washes  or  dry 
croek.s;  fourth,  the  underflow  from  Santa  Cruz  and  Salt  rivers;  fifth, 
the  small  amount  contributed  by  springs  and  rainfall.  It  is  possible 
that  the  total  volume  is  much  greater  than  175,200  acre-feet. 

A  somewhat  conspicuous  e.\ample  of  the  quantity  of  water  that 
either  evaporates  or  is  contributed  to  the  underflow  occurred  during 
the  course  of  my  investigations,  During  the  early  part  of  June,  IWi, 
a  flood  occurretl  at  Clifton,  alxtut  140  miles  east  of  Sacaton,  near  the 
eastern  border  of  the  Territory.  In  the  vicinity  of  Clifton  the  water 
is  said  to  have  risen  about  30  feet  and  to  have  l>een  very  destructive 
to  life  and  property.     It  was  several  days  before  the  flood  reached 
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Sacaton,  and  the  waters  had  been  so  retarded  and  distributed  in  their 
course  that  the  surface  flow  in  the  river  at  Sacaton  lasted  about  four 
days.  It  should  be  said  in  this  connection  that  much  of  the  water 
"was  diverted  by  canals,  but  in  the  end  this  water  must  either  evapo- 
rate or  join  the  underflow,  since  it  was  diverted  to  lands  within  the 
valley.  The  water  flowing  in  the  channel  at  Sacaton  was  estimated 
to  have  had  a  maximum  depth  of  3  feet  and  width  of  40  feet  on  a 
^ade  of  10  feet  to  the  mile.  Forty  miles  down  the  river  from  Sacaton 
the  Buckeye  canal  diverts  all  the  surface  water  ordinarily  flowing  in 
Gila  River.  Mr.  William  Apgar,  the  engineer  in  charge  of  the  Buck- 
eye canal,  had  made  preparation  for  the  protection  of  the  canal  at  its 
head-gate  when  the  flood,  which  was  confidently  expected  to  reach 
that  point,  should  arrive.  His  water  gage  indicates  that  the  flood 
never  reached  it.  The  increase  in  the  amount  of  water  was  not 
enough  to  affect  the  reading.  In  other  words,  the  flood  waters  had 
disappeared  entirely  from  the  surface  and  either  evaporated  or  joined 
the  underflow  before  reaching  the  Buckeye  canal. 

PRINCIPLES  AND  EXPERIMENTS. 

For  the  establishment  of  extensive  pumping' plants  the  available 
quantity  of  underground  water  is  a  matter  of  prime  importance. 
Unfortunately,  it  is  impossible  without  extensive  and  costly  investi- 
gations to  obtain  anything  like  an  accurate  measure  of  this  water. 
While  no  strictly  accurate  computations  can  be  made,  owing  to  the 
lack  of  adequate  data,  estimates  based  upon  available  data  and  safe 
assumptions  may  be  of  value. 

Mr.  Arthur  P.  Davis,  in  his  report  on  *' The  irrigation  investigation 
for  the  benefit  of  the  Pima  and  other  Indians  on  the  Gila  River  Indian 
Keservation,  Arizona,"^  describes  an  experiment  performed  for  the 
purpose  of  ascertaining  the  rate  of  fiow  of  water  through  the  sand  and 
gravel  of  the  Gila  River  bed,  where  the  gradient  is  10  feet  per  mile.  He 
arrives  at  the  conclusion  that  the  "percolation  of  water  through  sand 
and  gravel  indicates  that  the  velocity  of  water  through  such  material 
a>s  constitutes  the  bed  of  the  Gila  River  on  the  grade  of  10  feet  per  mile 
*  *  *  would  not  exceed  4  feet  per  day."  At  this  rate  the  move- 
ment would  be  1,460  feet  per  year.  In  the  same  paper  he  describes  a 
pumping  experiment,  which  I  have  already  referred  to,  and  concludes 
that  the  "rate  of  percolation  is  a  little  over  53  cubic  feet  per  day  for 
each  square  foot  of  percolating  surface. "  The  voids  occupied  by  water 
in  such  cases  are  assumed  to  amount  to  one-third  of  the  space.  On 
this  assumption  the  waters  entering  the  well  must  have  moved  at  an 
average  rate  of  159  feet  per  day,  or  about  11  miles  per  year.  These 
figures  are  not,  however,  a  true  measure  of  the  rate  of  the  underflow  at 

"Senate  Doc.  No.  27,  Fifty-fourth  ('ongreas,  Htn-oiid  .session,  1897,  pp.  12-18. 
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that  point,  since  t)ie  conditions  at  the  well  bw  Tc>ry  different  from 
those  Ht  places  where  the  flow  is  iininternipted.  The  iigures  areel 
value  as  indicating  something  of  the  freedom  of  movement  of  tie 
■  underground  water  when  obstructions  are  removed. 

RATE  AND   VOLCUE  OF  UNDERFLOW. 

Mr.  L.  O.  Carpenter  has  published  a  paper  giving  the  resnlts  of  tug 
study  on  the  rapidity  of  underflow."  In  it  he  slates  tfaut  near  Mont- 
rose, Colo.,  the  velocity  was  found  to  l>e  aljout  1  mile  i>er  year;*  at 
Fort  Morgan,  Colo.,  it  is  15  feet  per  day,  or  a  little  more  than  1  mile 
per  year  in  soil  and  sand;""  and  in  the  Hoover  ditch  it  is  3.<>  feet  per 
day,  or  au  feet  per  year  in  sand.'' 

Professor  Slichter  has  recently  pnblished  a  imper''  on  undergroond 
waters,  in  which,  after  a  discussion  of  principles  relating  to  the  move- 
ment of  undt^i^round  waters,  he  states  these  principles  as  follows: 

The  formula  which  the  writer  has  devised  tor  <lel«rminui{;  the  flow  <if  water 
throngh  a  mluiun  uf  sand  ie  as  follows: 


a „ftfi.- '— .- >-' 

In  this  formula  q  stande  for  the  qnantity  of  water  transmitteil  by  the  colnmn 
of  sand  in  one  minntei  p  is  th?  difference  in  preesnre  at  the  ends  of  the  colomoB. 

or  the  head  under  which  the  flow  takes  idtii:«,  measured  in  feet  of  water;  »  is  the 
area  of  the  cross  sectiiin  ot  the  aaiid  colnmn.  measured  in  square  feet;  Ii  is  ihi» 
length  of  the  column  in  feet:  d  is  the  uieau  diameter  of  the  soil  grwns,  measured 
in  mUlimeterB,  or  the  BO-colled  '■effective  size;  "  p  is  the  namber  whii-h  tates 
acconnt  of  the  friction  between  the  iiarticleB  of  wnter.  and  is  Imown  as  the  coeffi- 
cient of  viecoaity  (it  la  delined  ab  the  amount  of  force  necessary  to  maintiiin  niiit 
difference  in  velocity  between  two  layers  of  water  unit  distance  apart;  its  value. 
which  decreases  rapidly  with  aninci-easein  the  t«mperatnre  of  water,  for  tempem- 
tnresfroni  32'  to  100.  is  given  in  Table  II,  below);  K  is  a  constant  which  depends 
npon  the  jwrosity  of  tlie  sand,  and  its  value  for  iwrosities,  varying  from  30  to  V 
per  cent,  has  been  computed  and  is  given  in  Table  III.    •    •    • 

»C»rp«itBr.L.a.,Seep»KBorrstoniwale™  tromiirifmli'in:  Olorado  Agfr.  Elli.  HtatloD  Bnll. 
Nd.  SR,  1898. 

l>II>id.,  p.  tf. 

nbid-.p.  48 

rfglkbter,  C.  S.,  Ttie  ni<jtL..n» ,.(  iiudBrgrouml  walvnit  WBl.-r-3ui>.  und  Ipr.  Paper  No.  H7.  U.  8. 
Ow*  enrrey,  l«ft  pp.  a*-ai. 


1 


BATE   AND   VOLUME   OF  UNDERFLOW. 


41 


Table  n. — Variations  of  the  viscosity  of  water  with  temperature,  and  the  relative 
flow  of  water  of  various  temperatures  through  a  soil^  50°  F,  being  taken  as  the 
standard  temperature. 


Tempera- 
ture. 

Coefficient  of 
TiflooBity. 

Relative 
flow.a 

Tempera- 
1       tnre. 

Coefficient  of 
viscosity. 

Relative 
fk>w.a 

Deg.  F. 

Deg.F, 

32 

0. 0178 

0.74 

70 

0.098 

1.34 

85 

.0168 

.78 

75 

.092 

1.42 

40 

.0154 

.a5 

80 

.087 

1.51 

45 

.0142 

.92 

85 

.081 

1.62 

50 

.0181 

1.00 

90 

.077 

1.70 

55 

.0121 

1.08 

95 

.073 

1.80 

60 

1 

.0113 

1.16 

100 

.069 

l.l'O 

65 

.0105 

1.25 

1 

• 

a  "Relative  flow"  means  flow  at  given  temperature  compared  with  flow  at  50*'  F.    It  is 
expressed  as  a  jjercentage. 

Table  III. — Constants  for  various  porosities  of  an  ideal  soil. 


Porosity  m. 

1 

A*; 

Log.  K. 

Diff. 

Colog.  K. 

Per  cent. 

0.26.... 

«  0.01 187 

1.9258 

568 

8. 0742 

.27..-. 

.01850 

1.8695 

504 

8. 1305 

.28.... 

.01517 

1.8191 

490 

8.1809 

.29... 

.01694 

1.7701 

502 

8.2299 

.30.... 

.01905 

1.7199 

467 

8. 2801 

.31. ... 

.02122 

1.6732 

455 

8.3268 

.32.... 

. 02356 

1.6277 

430 

8. 3723 

.33. ... 

. 02601 

1 . 5847 

438 

8.4152 

.34.... 

.02878 

1 .  ."UOO 

410 

8.4591 

.35... 

.03163 

1 . 4999 

407 

8. 5001 

.36.... 

. 03473 

1 . 4592 

400 

8. 5408 

.37... 

. 03808 

I  Aim 

377 

8. 5807 

.38.    .. 

1 

. 04154 

1.3816 

371 

8.6184 

i       .39... 

. 04524 

1.3445 

367 

8. 6555 

.40..   . 

. 04922 

1.3078 

353 

8.6922 

!       .41.... 

. 05339 

1.2725 

351 

8. 7275 

.42. 

. 05789 

1 . 2374 

345 

8. 7626 

'       .43... 

. 06267 

1.2029 

339 

8. 7971 

.44... 

. 06776 

1.1690 

320 

8.8310 

. 45 . _ . 

. 07295 

1.1370 

312 

8. 8630 

.4«. 

. 07838 

1.1058 

329 

8. 8942 

.47.. 

. 08455 

1 . 0729 

8.9271 

a  By  a  tjrpographical  i*rror  this  ••oliimn  was  printed  incorrwtly  in  Profeasor  Sliohtor's  paper.,    j 
It  i«  given  corre<'tly  hem. 
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If  '  hIhucIs  for  tc<inperature  of  the  trater,  Fahrenheit,  the  mithor's  fonunLi.  in 
which  Ihu  foefficii'iit  «l  vlBcosity  has  befln  replaced  byun  expresaion  varyiiig  with 
the  ti'mperatiiri'  siinihir  to  that  given  in  the  (ormnla  of  Haeen.  maybe  vnitten 
as  follows; 


,.n.»^- 


q^U.H^  [HO.inB7(f-32)]  cubic  fe.-ti>er  minute.  (4) 

It  is  eetm  from  the  above  ftimiula  that  the  qnanl.ity  of  water  transmitted  by  ■ 
column  of  sand  uut  only  ilepeiida  ni>oii  the  leD|i;th  nt  tlie  column  and  the  headol 
vat«r  as  ojipreseed  by  Darcy's  law.  bnt  varies  in  n  most  remarkable  way  wjtJi  the 
effective  tizo  of  the  soil  graui.  with  the  temperalnre  of  the  water,  and  with  tbe 
porodty.  Since  the  flow  varies  as  the  sqnare  of  the  size  of  the  soil  grain  this  ele- 
ment in  the  rormnla  has  a  most  important  effect,  aa  doubling  the  aize  of  the  soil 
grain  will  ijuadrnple  the  (low  of  water.  Tlins  the  flow  thrujv^h  a  aand  whose 
eliective  siis  of  grain  in  1  mm.  in  lli.OOO  times  the  flow  throngh  a  soil  whuae  effprt- 
ive  aize  of  grain  is  O.OI  mm.  The  variation  of  flow  with  temperature  is  also 
important,  as  the  flow  at  TO'.  F.  is  about  dnnble  that  at  3  r  F.  The  variatiou  in 
p'>rusity  is  qnite  aa  important  aa  the  variation  in  temperature. 

From  Table  III  it  appears  that  if  two  samples  of  the  name  sand  are  packed,  one 
sample  so  that  its  porosity  is  3fl  per  cent  and  the  other  n,.9)ple  bo  that  its  iMjroBitj 
is  4T  per  cent,  the  flow  througU  the  latter  samp'e  will  be  more  than  sevea  limes 
the  flow  throngh  the  former  sample.  If  thi^  two  aamples  of  the  same  sand  ore 
packed  so  that  their  iiorosltiee  are  W>  per  cent  and  4(1  per  cent,  the  flow  through 
the  latter  sample  will  he  abont  2.(1  times  the  flow  thningh  the  former  sample. 
These  facts  should  make  clear  the  enormons  influence  of  porotdty  on  flow  and  the 
inadequacy  of  a  formula  of  flow  which  does  not  take  it  into  account. 

Part  of  the  expression  on  the  right  wide  of  formula  (3)  or  l-l)de]>endH  only  npim 
the  character  of  the  soil  through  which  the  water  is  passing.  Representing  this 
by  K,  we  have 

A-  =  0.2012  ^  =  MiP.  (5) 

and  the  formula  for  the  flow  becomes 


'^T- 


1«) 


which  is  essentially  Darcy's  formula.    Tlie  constant  A'  is  the  qnantity  of  water 

that  is  transmitted  in  unit  time  through  a  cylinder  of  the  soil  of  unit  length  and 
unit  cross  section  under  unit  differencainhead  at  the  ends.  We  shall  freqm-ntly 
refer  to  k  as  the  transmission  constant  or  merely  us  the  constant  of  a  soil. 

It  should  b3  especially  noted  that  the  velocity  of  flow  through  a  soil  for  the 
pressure  gradients  and  size  of  grain  that  commonly  occur  is  exceedingly  slow 
and  much  less  than  might  at  firBt  be  sujiposed.  Darton  states  that  the  rate  of 
flow  in  the  sands  of  the  Dakota  formation,  from  which  the  remarkable  artesian 
wells  of  South  Dakoti  draw  iheir  s-.ipply,  does  not  exceed  a  :uile  or  two  n  year." 
Mr.  E.  L.  Eogers  reported  to  the  De.iver  society  of  civil  engineers  *  that  American 
eslimatts  agree  with  careful  and  exhaustive  studies  i>f  French  engineers,  which 
show  the  average  velocity  in  sands  to  t>e  about  »  mileayear,  or  abjut  an  eighth  of 
an  inch  a  minute.  In  Arizona  the  rate  has  lieen  figured  out  as  between  one- 
fourth  and  one-third  of  unini'li  per  minute,  while  on  Arkansas  River  above  Dodge. 
Rans. ,  a  ditch  a  mile  long  and  '>  feet  below  the  water  table  in  the  sand  develo)>ed 
a  flow  of  al)out  three-eighths  inch  per  minute. 

"  Dnrton.  N.  H..  Nfw  devclopmentH  in  well  boring  nnd  irrl^tiun  la  i-ostorn  South  Dahata: 
Eightsenth  Add.  Kept.  L'.  S.  Geol.  SnrTej'.  pt.  i.  IW..\>.WB. 
I-Eug.  Becon),  vol.  25.  p.  «61. 
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TAiii^  IV.— Fdocttir  of  water  in  Mndt  of  varioua  efeetive  »ize*  of  soil  grain  and 
nifimror  tranaiiiiasioii  i^mglant/or  taeh  mtU. 


Dluneter 
ofsotl 

Velocity 

Ttilocttrpr™- 

Veloriti 
mite. 

Muimani 

%5™ 

Kind  of  soil 

Mm. 

ln..pwrMtH 

ililrMprrtrar 

M.7r.p.-r 

"•.':,'" 

O.Oi 

0.0014 

0.0118 

0.00021 

U. 000086 

5,  5.VIS 

.OS 

.0054 

.0453 

,00103 

,  01*144 

6,1500 

Silt 

.out 

.0133 

.1016 

.00380 

.01)0334 

6.5111 

.04 

.0218 

.1807 

.00408 

,  000.177 

6.7610 

,fti 

.0840 

.2823 

.00638 

.000901 

6,9.148 

.06 

.0490 

.4065 

.00918 

.001398 

7.1183 

.(.7 

.0667 

.5534 

.012.10 

,001766 

7.2471 

Verj-  fine  sand. 

.08 

.0871 

.7238 

.01633 

.003808 

7.3631 

1 

.0» 

.1108 

.0147 

.03066 

.002920 

7.4654 

.10 

.1861 

1.19B 

.02551 

.00390-1 

1.  .1569 

.12 

.IMl 

1.637 

.03674 

.005192 

7.7158 

.14 

.2«e 

2.313 

.05011 

.00706.1 

7.8491 

.15 

.8083 

2.541 

.05758 

.008112 

7.0091 

Fine  sand. 

.16 

.84a5 

2.892 

.06883 

.009228 

7.9651 

.18 

.4412 

8.6.50 

.08266 

.01168 

8.0675 

.30 

..■M46 

4.518 

.1021 

.01443 

8.1S90 

.25 

.ftioe 

7.(m 

.1504 

,0326t 

8.8528 

.30 

1.22S 

10.16 

.3286 

.03244 

8.5111 

.35 

1.068 

13.84 

.3135 

.04417 

8.6451 

Medinm  aand. 

.40 

3.178 

18.07 

.4061 

.01768 

8.7610 

.45 

3.737 

22.87 

.5165 

.07300 

8.8833 

.50 

3.408 

28.23 

.6377 

.09013 

8.9,148 

.55 

4.119 

34.17 

.7718 

.1090 

9.0377 

.60 

4.001 

40.  ft.-; 

.918a 

.1298 

9.1132 

.65 

.'i.731 

47.81 

1.07T 

.  11)23 

9. 1837 

.70 
.7.1 

6.671 

7.660 

.>.5.34 
63.  oS 

1.350 
1.435 

.1766 

.3028 

9.2471 

9.3071 

Coarse  sand. 

.80 

S.TH 

73.28 

1.6M 

.3308 

9.8631 

.8.1 

o.sar, 

81.57 

l.84.t 

.3604 

9.4157 

.90 

11.  a') 

01. 47 

2.066 

.3920 

9. 46.14 

.0.1 

13.38 

101.0 

3,303 

..13,i:t 

9.  .1133 

1.00 

13.61 

113.0 

3.  .-..11 

.:Hlftl 

9.  .1,169 

2.00 

54.46 

4.11.8 

10.21 

1.442 

.1500 

3.00 

13a..-, 

1,016 

32.96 

3.244 

.5111 

Fine  gravel. 

4.00 

317.** 

1.807 

40.81 

,1.7(18 

.7610 

5.00 

810.3 

3.83:l 

i-a.  77 

9.012 

.9548 

u 
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TaWe  IV,  slwve.  gives  the  velocity  of  movement  of  water  in  aonda  of  variam 
^ades  for  dlffei^nt  pressure  ^uiliente.  Coliimu  1  gives  the  effective  «ize  of  tiw 
loil  (rrniiiB  in  tnillimet^re.  As  ft'reuly  etated.  this  size  is  ench  that  if  sll  grains 
were  of  that  diaiuet^r,  the  wiil  wtmld  have  thy  lame  transmissioii  eapaeity  that  il 
»ctnally  has.  Column  2  gives  the  velot-ityof  flow,  or  the  rate  at  which  thewatM 
moves  throtigh  the  Ki^and,  in  iu-„-he8  per  minute  under  a  presenre  gradient  nf  ! 
foot  difl!er«nce  iu  head  to  each  foot  of  (lietiuti-e.  Coluiuu  3  gives  the  velocity  d 
Sow  reduced  to  miles  per  year,  the  presexire  gradient  being  the  same  as  in  <mj1iuiui 
i.  Column  4  gives  the  velocity  of  flow  in  mileH  per  year  nuder  a  preasnre  gra^i- 
taxt  of  100  feet  to  the  mile.  The  velo-'ity  for  a  pri-SBnre  gradient  of  10  feet  to  liie 
mUe  would  be  one-tenth  of  the  nnnihers  in  this  (fonrtli)  colaiun.  and  so  on  for 
[>th(vr  graflieiit«.  Column  5  gives  the  a-.'toal  discharge  in  cnMe  feet  per  minute 
tor  each  s'lnare  foot  of  cross  sei'tion  if  the  pressure  gnulii-nt  be  1  foot  difference 
In  head  in  each  foot  of  distance.  For  a  pressure  gradient  of  1  foot  difference  in 
liead  for  each  UK)  fei't  in  distance  the  flow  p?r  square  fiHtt  will  be  O.oi  of  the 
tabulfttetl  Hombera.  and  ao  on  for  other  gradientH.  The  nnmbera  in  this  tftflLl 
solmnnhave  also  been  called  the  "  transmiB^i^'n  ciinstants"  and  havp  b?en  repre- 
sented in  the  formulas  by  k. 


TiBLR  V —Relative  floti- of  icater  tlirimgh  aatula  of  tame  effKctiv 
packed  ao  a*  t->  pOMemi  ilifferent  JM/Vtitie*. 


e  grai 


"Si" 

Rolntlv- 
llow.i 

30 

0.81 

82 

1.00 

'« 

1.23 

8fl 

1.47 

88 

1.70 

40 

2.0D     i 

Il  tin-  How  furn  pnrtBityoT 


Inasmuch  iw  the  flow  of  ground  water  is  nearly  always  caused  by  a  difference 
in  head  due  to  gravity  only,  the  maiimuui  flow  that  is  powibleia  found  iu  the  cite 
In  whicli  the  gi-oiind  water  is  free  to  move  in  a  vertical  direction,,  as  in  a  j>erfectJy 
underdrained  sand-filter  bed.  The  motion  in  this  case  is  due  to  the  weight  of 
the  water  of  saturation,  and  the  flow  ia  of  course  greater  than  would  be  the  case 
if  the  water  were  obliged  to  flow  in  a  direction  inclined  to  the  vertical,  instead  of 
in  the  vertical  direction,  as  supposed.  These  facts  are  illustrated  in  fig.  7.  The 
flow  in  thccaHe  til  pressure  gradient  1:1  forms  a  most  convenient  basis  for  calcu- 
lation, and  it  is  fretiueutly  called,  as  suggested  by  Hazen,  the  mazimnm  flow. 
The  flow  for  auy  other  gradient  is  immediately  calculable  from  the  maximum 
flow— f,  r  a  gradient  1;1I)0  the  flow  being,  of  course,  one  one-hundredth  of  the 

The  appropriateness  of  the  term  "maximum  flow"  is  illustrated  by  fig,  8, 
which  shows  the  original  water  table  and  the  depressed  water  table  due  to  iha 
construction  of  a  drainage  ditch.  It  is  plain  that  the  pressure  gradient  for  all  of 
the  streams  of  flow  marked  hy  arrowheads  is  less  than  the  gradient  1:1.     If  the 
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'wetted  area  of  the  ditch  be  maltiplied  by  the  maxiniTmi  flow  for  the  kind  of 
materii.1  in  which  the  ditch  has  been  excavated  the  flow  thng  computed  will  in 
every  case  exceed  the  flow  actnally  detennined  by  meaenremente  of  the  yield 
of  the  ditch. 

There  is  not  Tmiformity  in  the  nse  of  the  term  "velocity''  as  applied  to  the 
motion  of  ground  waters.  We  use  the  term  to  express  the  rate  (meaaured  aa  80 
many  feet  a  day,  etc.)  at  which  the  water  advances  throngh  the  porone  medion- 


FiO.  '.— BlagTSini  illn  tniling  tbtIous  preivtuns  i;»u5icnt'4  khiI  Ibe  umilnnim  tlov.  In  tbeee 
threecoseatheupperportLoDHof  the  Bolloolamiis  are  supposed  to  be  supplied  with  w&terfu  fast 
a«  ll  can  flow  tbrongih  tb«  columns.  The  ««cHpe  at  X,  Y.  ZiB  napposed  lo  be  perfectly  free.  The 
head  lilidar  which  the  &ow  takes  plare  Is  A  in  each  case,  us  shown  at  the  left  of  the  Sgnre.  The 
Tarluna  lenfftba  of  the  soil  colatnna.  li,  It,  and  1^  produce  thepreainire  giadleats  AJIi  =  1,  /ilk  =■  ^ 


tndAI. 


ra  in  proportion  if  the  n 


■terlal 


col- 


irrespective  of  the  amount  of  water  thns  advancing.  The  amount  of  ground 
water  (measured  in  cubic  feet  per  minute,  etc.)  pasHing  through  a  given  cross 
section  the  writer  has  called  the  flow  or  the  discharge.  It  ia  eqnal  to  the  velocity 
multiplied  by  the  porosity.  Some  measure  velocity  as  a  rate  of  motion  in  a  sohd 
column  of  same  area  as  the  cr:)SS  section  <:f  tl:e  porous  medinm.  This  ia  the  same 
magnitude  which  we  have  called  flow. 

In  naing  Table  IV  one  shonlU  uw  the  unmbent  in  columns  2,  8,  or  4  if  the 


Pio.  8— Diagram 
lnIlsQpii-bb07h'«d.  T 
the  or!f,-inal  water  uble  and  th'.'  ].■ 
leaa  than  the  lengths  of  the  curved 
b  less  than  tb«  iw-called  maj 


velocity  of  ground  water  is  wanted,  hut  should  pass  to  column  .">  if  the  flow  or 
yield  is  required.  Thus,  suppose  it  is  desired  to  find  the  rate  of  motion  of  ground 
water  throngh  a  bed  of  sand  which  slopes  10  ftetto  the  mite.  The  reanltn  can  \>e 
foand  for  various  materials  and  grades  of  innteriul  by  dividing  the  numbers  in 
Q  1  by  10,  since  a  slope  of  10  feet  to  u  mile  will  cause  but  one-tenth  of  the 
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a  mile.     For  maWriala  of  variooB  ttradeB 


'elocity  eiiHting  for  a  slope  ot  100 
we  obMin  the  following  resnltfl: 


Vehieity  of  gniund  walar  i, 


nuiterials  o/  different  ffnuh-t.  prenxiii 
ffrl  per  mile. 


MUMUL 

;  m.. 

PMtlMr 

FinewHiil.O.amm.  diftmeter 

.'.„'     O.Olfl 

53.  M 

Medinm  sand.  0.4  mm.  diameter 

._..(       .041 

«0.0 

Coarse  HBiiil,  0.8  mm.  itiamet«r 

--,       .16 

MS.0 

s,m.o 

Soppoee  Ibat  it  i»  tlesireil  to  ascertaiii  the  amount  of  water  that  -wiH  pass 
throngh  a  bed  SOU  fnet  deep  and  l.'HH)  feet  wide,  having  the  Nune  s1op«t  as  That 
jni!t  mentioned.  This  problem  re<iuires  as  to  ftinl  the  flow,  and  the  niunl>ers 
usetl  in  the  i-ompntation  should  theretori-  be  taken  from  column  5  of  Table  IV. 
The  flow  for  1  sqnare  ftxit  of  cross  Bwtion  of  the  bed  will  l>e  ^^^  of  the  m&si- 
raiim  flow  given  iu  that  colnmn  (or  material  of  varioas  grades,  and  the  total  Sow- 
is  found  by  mnltiplying  the  maximum  flow  l>y  j  1  in  X  300  .<  1 ,000.  whiuh  gives  th« 
following  results  for  the  name  materials  described  in  the  preceding  table: 

Flow  of  ground  water  in  nuUerial*  ofdiferent  gradn  through  a  bed  of  vertical 
erot*  teetimt  too  bf  iflOO  feet,  ^^ttg  lOft^  per  milt, 

Cd.  ft.  permin. 

E^nesand 5.5 

Medium  sand _ 22, 1) 

Coarse  Band _ - 87,0 

Fine  gravel 546. 0 

The  estimates  in  Table  IV  were  based  npon  a  porosity  of  -S3  per  cent.  For 
other  porosities  the  resnlts  muHt  be  changed  by  the  percentages  shown  in  Table  V. 
Thns  all  of  the  resnlts  jast  fonnd  must  be  increased  by  abont  37  per  cent  if  tiie 
porosity  of  the  material  be  3S  instead  of  32  per  cent. 

In  the  sallu^  i)aiK?r  Professor  Slieliter  fjives  mto  of  movement  of 
undei^romul  water  at  various  points  as  follows:"  Weldon  Valley 
canal,  lA  miles  in  five  years,  or  1,584  feet  per  year;  Larimer  County 
eanal,  40  rods  in  five  j'ears,  or  llt2  feet  i)er  year;  near  Greeley,  2i 
miles  in  ten  years,  or  1,320  feet  pi-r  year;  Kin;?  River,  California,  4.8, 
4.3,  and  l.i;  feet  jwi-  day,  or  1,70^',  1,580,  and  584  feet  jwr  year;  Cen- 
terville  canal,  California,  IG  feet  jwr  da,v,  or  5,840  feet  i)er  year; 
Kingsbury  canal,  California,  52  feet  per  day,  or  3.ii  miles  per  year; 
Arkansas  River,  Kansas,  2i  feet  per  day,  or  fil3  feel  per  yeai"  near 
Garden,  Kans.,  12  fwt  per  day,  or  4,;fK0  feet  per  year;  Hondo  and 
San  Gabriel  rivers,  California,  3^,  4,  5i,  and  7  feet  per  day,  or  1,278, 
1,460,  2,008,  and  2,555  feet  per  year. 

From  the  alwve  it  api>ears  that  the  rate  of  movement  of  underflow, 
as  measured  in  several  localities,  varies  from  a  minimum  of  132  feet 
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to  a  maximum  of  3.6  miles  per  year.  Because  of  the  application  to 
follow,  however,  it  should  be  noted  here  that  the  material  through 
which  the  water  passed  at  the  above  rates  is  for  the  most  part  soil  or 
comparatively  fine  sand.  In  no  case  described  is  the  material  coarse 
sand,  gravel,  and  bowlders,  such  as  the  beds  penetrated,  for  example, 
at  Sacaton ;  nor  is  there  in  Slichter's  tables  a  diameter  of  grain  to  cor- 
respond with  tlie  gravels  of  Sacaton.  These  materials  here  vary  from 
silt  to  bowlders  several  inches  in  diameter.  The  coarse  and  fine 
material  is  commingled  in  all  proportions,  from  beds  of  pure  sand  to 
beds  of  large  gravel  and  bowlders.  Furthermore,  the  material  is  very 
loose,  allowing  water  to  pass  through  it  readily. 

PRACTICAL  POROSITY. 

In  the  foregoing  statement  concerning  the  proportion  of  voids  it  is 
assumed  in  each  case  that  the  size  of  the  grain  is  much  more  uniform 
than  in  the  heterogeneous  material  of  the  valley  fill.  Where  coarse 
and  fine  materials  are  commingled  it  is  obviously  erroneous  to  make 
computations  for  any  selected  size  or  even  for  an  average  size.  The 
finer  material  packs  into  the  interstices  between  the  coarser.  It 
would  be  entirely  possible  to  have  such  materials  packed  in  8i\ch  a 
manner  that  the  porosity  of  the  entire  mass  would,  for  all  intents  and 
purposes,  equal  the  porosity  of  the  smallest  of  the  mixed  material; 
no  doubt  such  cases  occur  in  the  valley  fill.  There  is  also  no  doubt 
that  places  may  be  found  where  coarse  material  occurs  apart  from 
the  fine,  and  also  where,  although  coarse  and  fine  exist  together,  they 
are  loosely  packed  and  allow  a  free  passage  of  water.  In  order  to 
arrive  at  an  approximation  of  the  water  available  in  the  mixed 
gravels  of  the  valley,  I  made  a  series  of  measurements  by  filling  a 
barrel  with  gravel  and  sand  and  measuring  the  water  which  could 
be  poured  into  it,  which  I  assumed  would  be  a  fair  measure  of  the 
amount  that  would  seep  into  a  well  from  an  equal  bulk  of  ground 
and  be  available  for  pumping.  In  order  to  obtain  representative 
material,  the  measurements  were  made  east  of  Phoenix,  where  the 
material  thrown  from  a  well  lies  undisturbed.  The  barrel  held 
46f  gallons,  measured  by  a  standard  graduate.  The  material  first 
selected  was  sand,  pebbles,  and  bowlders  up  to  8  inches  in  diameter, 
which  seemed  to  be  a  fair  average  of  the  water-bearing  materials  iis 
I  have  observed  them  throughout  the  valley.  The  sand  was  slightly 
moist  from  a  shower  which  fell  the  day  before  the  measurements  were 
maile.  The  material  was  carefully  packed  in  the  barrel  in  order  to 
approximate  as  nearly  as  possible  the  natural  conditions.  Water  was 
then  poured  in  slowly  until  the  l)arrel  was  full.  It  was  found  that  the 
barrel  would  hold  10.5  gallons  of  water,  representing  20.5  per  cent  of 
the  toUil  spare.  These  gravels  would  probably  be  packed  more 
closely  in  the  ground  than  they  were  in  the  barrel,  and  the  amount 
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uf  WHt«r  thdt  eould  Iw  pumi>ei.t  from  th«m  would  be  something  l«e 
thau  2(>  per  cent  of  the  total  bulk.  Siiiep  sands  and  gravel  can  never 
be  paniped  dry  it  in  obvious  that  the  imrositj'  may  be  verj-  much 
{^reater  than  tbo  amount  vrhich  can  be  drawn  from  them  by  pumpini:. 
For  a  second  experiment  a  place  wa«  selected  where  the  material 
available  was  mostly  cowrse  gravel  and  bowlders  varying  in  size  from 
half  an  inch  to  6  inches  in  diameter.  In  addition  to  this  material,  the 
barrel  held  Iti^  (;alloDS  of  water,  being  35.8  per  cent  of  the  total  spaci*. 
In  this  case,  as  in  the  former  on6,  tht  percentage  of  voids  in  nature 
would  probably  be  something  less,  owing  to  the  closer  packing.  Owing 
to  the  slight  amount  of  water  held  in  the  material  previous  to  the 
addition  of  water,  and  owing  also  to  small  air  spaces  which  the  water 
did  not  displace,  the  actual  percentage  of  voids  is  probably  consider- 
ably greater  than  given  above."  The  porosity,  however,  is  not  the 
essential  thing  in  this  case,  as  the  sands  and  gravels  could  not  lie 
pumped  dry.  It  is  thought,  however,  that  the  material  of  the  Gila 
Valley,  as  represented  in  the  deep  wells  at  Sacalon,  will  yield  w»t*-r 
equivMent  to  at  least  20  per  cent  of  its  bulk,  which  is  the  practical 
available  amount  of  wal«r  that  can  be  obtained  \>y  pumping. 

APPt-ICATIOX  OF    PRINCIPLES  TO   lilLA   rSDEHFLOW. 

The  well  recoi-ds  indicate  that  uear  Sacaton  underground  water  ie 
less  thau  50  feet  beneath  the  land  surface  over  a  strip  of  land  aver- 
aging at  least  i  miles  in  width.  The  area  of  water-bearing  gravels  is 
wider  than  this — how  much  wider  can  not  lie  stated,  since  they  have 
not  been  penetrated  by  wells  except  near  the  river.  The  wells  at 
Sacaton  are  2(J0  feet  deep  and  penetrate  I'M  feet  of  water-saturated 
gravel  and  bowlders,  and  do  not  reach  the  bottom  of  these  gravels. 
It  would  seem,  therefore,  that  it  m  conservative  to  assume  that  a  bed 
of  gravel  and  bowlders  at  least  -1  miles  wide  and  136  feet  deep  has 
water  passing  tlu-ough  it  in  the  form  of  underflow  in  this  part  of  the 
valley.  Using  these  facta  as  a  basis  for  the  application  of  the  princi- 
ples just  quoted,  certain  computations  may  be  roa<le  which  will  illus- 
trate the  possibilities  of  obtaining  water  from  the  underflow  of  the 
Gila  Valley.  Adopting  -Sliehter's  formula  (4)  and  substituting  the 
values  applicable  to  the  Gila  Valley,  we  have: 

p  =  10.  the  average  gradient  of  the  water-bearing  gravels. 

(/  =  vftrions  siEt^s  from  silt  to  gravel  and  bowldere.  The  '"  effective  size ''  baa 
not  been  determined,  bnt  proliably  does  not  differ  roat«rially  from  ,T3  mm.,  the 
effeL'tive  size  of  the  water-bearing  materiftl  in  Suit  River  \"alley. 

«  =  -l  miles  wide  and  130  feet  deep,  or  3,ST2,32Q  Bquare  feet. 

h  -^  1  mile,  OT  rt:2m  fept.  Any  convenient  length  may  )>e  taken,  but  if  j.  =  10, 
/i  most  be  a,2n0. 

K  =  the  variable,  corresponding  in  this  case  to  a  porosity  of  40  per  cent,  tlte 
porosity  as  determined  for  Salt  River  Valley. 

<i  Pnirpmar  SUchter  biu  determlDed  thv  pDrwity  oC  slmibir  gravela  froia  Siilt  River  VaUeJ  lo 
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i  =  70*'  F.  The  temperatare  will  vary  somewhat,  but  will  be  fonnd  greater 
than  70"  more  often  than  less. 

Applying  local  values,  therefore,  Slichter's  formula  l)ecomes: 

In  order  that  the  result  may  express  acre-feet  per  year,  I  have  placed 
above  the  line  the  number  of  minutes  in  one  year,  and  beneath  the 
line  the  number  of  cubic  feet  in  one  acre-foot  of  water.  Solving  this 
equation  the  quantity  of  underflow  appears  as  35,830  acre-feet  per 
year.  In  other  words,  assuming  that  the  estimates  are  correct,  enough 
water  enters  the  gravels  of  the  Gila  Valley  to  cover  35,830  acres  of 
Innd  one  foot  deep. 

This  indicates  a  velocity  of  movement  of  the  underflow  of  Gila 
Valley  of  about  1,360  feet  per  year. 

It  is  moderately  certain  that  there  are  portions,  at  least,  of  the 
valley  fill  through  which  the  movement  is  more  rapid  than  1,300  feet 
per  year.  It  may  be  proper  here,  therefore,  to  compare  the  volume 
of  water  which  may  pass  as  underflow  at  certain  assumed  rates  with 
ihe  volume  at  the  rate  of  1,3^0  feet  per  year. 

Velocity  and  volume  of  flotc  in  materials  of  different  grades. 

[Prefiware  gradient,  10  feet  per  mile,  and  area  of  cross  section  (4  miles  wide  and  196  feet  deep) 
2,8TS,89K)  Bqnare  feet;  iMrosity  -  40  per  cent;  temperatare  =  80°  F.] 


Velocity  in 
feet  per  year. 

1 

Volnme  of 
flow  in  acre- 
feet  per  year. 

1,360.... 
«2.640... 
«'5  280.... 
c 10, 560.... 

35, 830 
69, 564 
139,128     ; 

278, 256     1 

a  i  mile,     bl  mile.    <*  2  miles. 


It  is  assumed  in  the  above  table  that  water  may  be  passing  as  under- 
flow down  the  Gila  Valley  at  a  rate  varying  from  1,360  feet  to  2  miles 
per  year  and  in  volume  varying  from  35,830  to  278,250  acre-feet  per 
year.  It  may  be  well  at  this  point  to  scrutinize  the  figures  somewhat 
carefully  and  inquire  which  rate  and  volume  are  likely  to  most 
nearly  represent  the  truth.  The  asj^uinptions  in  the  application  of 
principles  to  Gila  Valley  are  as  follows: 

1.  The  material  is  assumed  to  be  similar  in  porosity  and  size  to  the 
water-bearing  material  in  Salt  River  Valley. 

2.  The  assumed  depth  of  136  feet  is  less  than  the  actual  thickness 
of  the  water-bearing  stratum.     The  maximum  depth  is  unknown. 

iRR  104—04 4 
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'i.  The  as.snriietl  width  of  +  milos  is  below  thp  Average  witUh  of  the 
watfjr-l>oariiig  gravels.  A  glaiicc  At  the  map  (flff.  1)^11  convince  uiip 
thai  the  avera^re  width  i«  greater  than  I  miles. 

■1.  The  assnined  porosity  of  40  per  cent  is  liasod  on  d(.-t<^rniiiiaii<mt> 
of  aiinilar  gravels  from  Salt  River. 

5,  The  asstimed  tenii>eraliire,  Sii"  b\,  iw  tlio  temperature*  indicate 
by  deep-wetl  observations  near  Pho«iii\. 

It  would  seem  from  the  abovu  <!onsi(lvratiotiM  that  the  lower  rate  of 
1,360  feet  of  flow  »ud  the  i-orrospoiiding  volume  of  35,830  acre-fwt 
per  year  is  <!ertainly  moderate  aotl  that  the  higher  rate  of  2  miles  ami 
278,250  acre-feet  per  year  is  not  unreasonable.  In  otli*ir  words,  it  i» 
pi-oliable  that  from  100,000  to  (iOO,OlXJ  acre-feet  of  wal«r  ea«li  year  pan 
through  the  saiidtt  and  gravels  of  the  Gila  Valley  in  the  underflow. 

It  may  also  Ije  of  value  t«  eompnte  the  probable  amount  of  water 
which  is  available  for  pumping  in  the  gravels  of  the  Gita  Valley  at 
any  particular  time,  irrespective  of  the  flow  into  or  out  of  Ih"-^ 
gravels.  The  area  under  which  water  occurs  leas  than  5f)  foet  beneath 
the  surface  of  the  Gila  Valley  is  about  350  square  mileH.  I'nder  a 
considerable  portion  of  this  area  the  water  is  but  a  few  feet  beneatb 
the  surface,  and  could  be  lowered  -iO  feet  or  niore  and  still  be  within 
pumping  distance.  In  the  higher  portions  uf  the  valley  the  amount 
of  lowering  within  practicable  limits  would  be  less.  It  is  probablt 
that  an  average  of  35  feet  for  the  whole  area  wonld  represent  the  dis- 
tance by  which  the  water  table  might  be  lowered  and  still  be  within 
reach  of  the  pumps,  on  the  assumption  that  60  feet  is  the  inaximnai 
lift  for  prolitable  pumping. 

On  a  previous  page  it  was  shown  that  Gila  River  dischat^ea  into 
the  valley  at  The  Buttes  a  quantity  of  water  varj-ing,  in  round  nooi- 
bers,  from  175,200  to  600, (K)0  acre-feet  per  year,  and  that  a  large  part 
of  this  water  enters  the  underflow.  It  was  assumed  that  at  lea«t  the 
minimum  discharge  of  175,200  acre-foet  could  reasonably  be  counted 
as  joining  the  underflow. 

Tiiblf  tiliowini/  till'  •jiiinitily  of  water  at-ailable  for  pumping  in  llic  graii/a  of  Ih- 
Oilii  Vfilley  at  Ihv porotities  amuined. 
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Computations  from  Slichter's  formula  indicate  a  capacity  for  under- 
flow through  the  valley  fill  of  35,830  acre- feet  per  year,  while  an 
assumed  rate  of  movement  of  2  miles  per  year  yields  278,256  acre-feet 
of  water.  This  is  the  possible  quantity  of  annual  intake,  while  the 
probable  quantity  in  the  underground  ** reservoir"  in  reach  of  the 
pumps  is  1,120,000  to  1,960,000  acre-feet.  The  valley  fill  is  in  a  sense 
a  large  reservoir  which  is  kept  constantly  filled  by  the  inflow  of  the 
Gila  at  The  Buttes  and  by  less  important  lateral  sources.  From  the 
above  figures  it  will  be  readily  seen  that  the  underflow  of  the  Gila 
Valley  contains  wat^r  in  quantities  sufficient  to  warrant  the  most 
careful  consideration  of  ways  and  means  for  rendering  it  available. 
It  has  been  estimated  that  40,000  acre-feet  of  water  per  year  would 
supply  all  the  present  needs  of  the  Indians  on  the  reservation.  At 
this  rate  there  is  enough  water,  if  the  computations  be  correct,  at 
present  within  pumping  distance  of  the  surface  to  supply  the  Indians 
for  twenty-eight  to  forty-nine  years.  Or,  again,  if  the  minimum 
annual  underflow,  as  stated  above,  be  accepted,  enough  water  is  pass- 
ing to  supply  the  needs  of  Indians  of  the  Pima  Reservation ;  and  if  the 
maximum  be  passing,  to  leave  a  surplus  of  238,000  acre-feet  unappro- 
priated. 

i^        It  may  be  well  to  insert  at  this  point  a  caution  against  taking  com- 

•'    putations  and  figures  of  this  kind  too  literally.     The  problem  deals 

»    with  subteiTanean  conditions  of  which  very  little  at  best  can  be 

^    known.     The  computations  are  based  on  assumptions  which  seem  to 

.^    be  well  founded,  but  must  not  be  accepted  for  anything  more  weighty 

than  assumption.     The  underground   conditions  may  not  be  what 

=-     they  seem,  and  important  elements  may  enter  which   have  been 

•    wholly  disregarded.     The  figures  illustrate  possibilities.     The  only 

safe  method  of  procedure  in  developing  the  underground  water  is  by 

actual  experiment,  and  expansion  as  the  experiments  warrant.     It 

would  be  much  easier  to  increase  the  acreage  of  cultivated  land  as 

wat(»r  is  developed  for  it  than  to  decrease  an  acreage  which  might 

prove  to  lie  too  great. 

METHODS  OF  SECURING  THE  WATER  OF  THE  UNDERFLOW. 

There  seems  to  ])e  little  doubt  that  large  quantities  of  water  are 
present  in  the  Gila  underflow.  The  problem  remains  then  to  make 
this  water  available  for  irrigation.  Two  methods  are  being  tried — 
seepage  ditches  and  pumping  plants. 

SEEPAGE   DITCHES. 

Where  seepage  ditches  have  been  tried  th<»  results  are  disappoint- 
ing. In  the  ditch  east  of  Saeaton  the  near-by  water-bearing  sands  and 
gravels  were  soon  drained  to  such  an  extent  that  the  water  table  was 
depressed  locally  4  feet.     When  the  ditch  was  first  constructed,  the 
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BUrfac'o  of  the  uiulergrouiHl  wab^r  stood  at  n  maximum  elevation  of  o,5 
feet  above  tho  botloui  of  the  ditcli.  The  water-bearing  raatpriai  in 
the  immotliate  vieiiiily  of  the  ditch  was  eooti  <li-ained  and  a  water 
gradient  established  f«r  the  lateral  flow.  At  the  present  writiDg 
water  a^-tiially  enters  the  diteh  from  only  the  lower  IS  inches  of  the 
side.  In  the  case  of  the  Jenliins  ditch,  near  Phoenix,  and  the  Rich- 
ardson ditch,  west  of  the  Ajjiia  Fria,  the  quantity  of  water  actually 
obtained  falls  far  short  of  expectBtions.  The  coet  of  constructing  and 
maintaining  a  deep  diteh  in  the  loose  gravels  and  quicksands  is  lar^ 
compared  with  the  amount  of  wat^r  obtained.  Seei>ag«  dilche-s  can 
penetraU*  only  a  few  feet  al  most  into  the  watei--liearing  material  and 
have  to  Iw  carefully  cribbed  to  keep  out  the  saud  and  gravel.  Al  besi 
only  the  uppermo-xt  part  of  the  iinderfiow  is  peneti-ated — the  pjirl  nioet 
readily  affected  by  fluctuation  ia  the  water  level. 

The  cost  and  tivuhle  of  maintaining  a  seepage  ditch  should  also  be 
cousitU'ifd,  although  this  may  balance  the  cost  and  trouble  of  operair 
itig  a  pumping  plant.  In  spite  of  thecribbinj;reiiuire<l  in  the  seepage 
diteheM,  the  sand  finds  its  way  in  with  the  water  and  ha^  to  be  removed 
periodically,  'I'he  moaaes  and  algie  accumulate  and  have  to  bt-  remiiviij 
frequently.  During  dry  cycles  the  water  supply  diminishes  or  fail». 
At  best  there  are  few  places  where  the  water  is  found  n^ar  enough 
to  the  surface  to  l>e  secured  hy  seepage  ditches,  ami  under  the  lH»t 
conditions  the  diteh  must  be  lon^r  in  onler  to  penetrate  the  water 
bearing  materials  and  still  Imve  fall  enough  to  conduct  the  water  upon 
irrigable  land. 

As  previously  stated  about  3,050  inches  of  seepage  water  is  obtniued 
in  the  Gila  Valley,  and  this  amonnt  will  probably  l>e  increased  bj* 
developments  now  in  progress.  If  the  flow  of  -2,050  inches  did  not 
fluctuate  it  would  amount  to  alx»ut  33,870  at-re-feet  per  year.  .Mr, 
M.  31.  Murphy,  who  ha.s  charge  of  the  distribution  of  water  in  the 
western  partof  the  reservation,  states  that  the  minimum  flow  is  aboiri 
half  the  maximum  flow.  The  quantity  given — 3,050  inches — ^is  prot 
ably  somewhere  near  the  maximum.  At  best  it  is  wholly  inHde<iualf 
for  the  needs  of  the  Indians. 

Pl'MPINti    PLANTS. 

The  second  raethml  of  obtaining  watei'  from  the  underflow  is  by 
pumping.  Unfortunately,  the  pumping  plant  which  i.s  being  estab- 
lished at  Sacaton  is  nut  complete  at  this  writing  and  the  quantity  of 
water  obtainabie  from  the  wells  is  unknown.  There  are  good  indica- 
tions, however,  that  the  qnantily  of  water  obtainable  at  Sacaton  auil 
elsewhere  in  the  Gila  Valley  is  as  great  as  that  obtained  at  the 
pumping  plants  in  the  Salt  Rivet  Valley.  Judging  from  the  amonot 
of  water  discharged  by  pumps  now  in  operation, and  alfo  considering 
the  lift  in  each  case,  llie  live  wells  a!   Sacaloti  should   furnish  5,l.lO0 
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gallons  per  minute  continuously.  If  such  a  plant  be  operated  with- 
out stoppages  it  will  furnish  6,435  acre-feet  of  water  per  year.  Ten 
plants  of  this  capacity  would  furnish  64,350  acre-feet,  or,  in  other 
words,  would  supply  the  required  40,000  aci*e-feet  per  year,  with  an 
allowance  of  86  per  cent  of  the  time  for  stoppages,  repairs,  etc. 

The  length  of  the  Gila  River  within  the  limits  of  the  reservation  is 
about  60  miles.  It  is  probable  that  many  more  than  the  proposed 
ten  pumping  plants  could  be  operated  within  this  distance  without 
seriously  affecting  each  other.  The  pumping  tests  on  the  Chandler 
wells,  in  Salt  River  Valley,  indicate  that  wells  may  be  operated  within 
a  few  yards  of  each  other  and  the  output  of  the  one  not  seriously  affect 
that  of  the  other.  It  is  probable,  therefore,  that  water  could  be 
drawn  from  the  underflow  of  the  Gila  Valley,  not  only  to  supply  the 
needs  of  the  Indians,  but  to  materially  extend  the  cultivated  area 
without  exhausting  the  available  supply.  Throughout  the  length  of 
the  reservation  the  water  level  is  practically  the  level  of  the  river 
bed.  Pumping  plants  could  be  established  on  gi'ounds  high  enough 
to  be  out  of  danger  from  floods  and  to  place  the  pumped  waters  upon 
the  desired  lands  and  still  have  a  lift  well  within  practicable  limits. 

The  lack  of  data,  owing  to  the  uncompleted  condition  of  the  pump- 
ing plant  at  Sacaton,  renders  the  above  estimate  of  doubtful  value. 
The  success  of  similar  pumping  plants  in  Salt  River  Valley,  however, 
has  placed  this  method  of  profitably  securing  water  for  irrigation 
beyond  serious  question.  Even  should  the  Sacaton  plant  prove  a 
failure  it  would  not  ai-gue  that  pumping  could  not  be  profitably  car- 
ried on  in  the  Gila  Valley,  for  there  are  instances  in  Salt  River  Valley 
where  wells  have  proved  unproductive,  although  within  a  short  dis- 
tance of  the  best  producers  of  the  valley. 

Great  variation  of  structure  is  to  be  expected  in  the  valley  fill.  It 
is  impossible  to  foresee  in  more  than  a  general  way  what  conditions  are 
to  be  met  with  in  sinking  wells.  The  external  conditions  of  the  Gila 
and  the  Salt  River  valleys  are  practically  the  same,  and  in  general 
the  same  internal  structure  of  the  valley  fill  is  to  be  expected.  The 
greater  number  of  wells  in  Salt  River  Valley  make  a  study  of  internal 
conditions  to  some  extent  possible.  The  figures  which  follow  are  dia- 
grammatic illustrations  of  conditions  known  to  exist  in  Salt  River 
Valley.  In  fig.  0  A  and  B  represent  two  wells,  in  which  the  water 
stands  20  feet  below  the  surface  in  each  well.  If  it  be  assumed  that 
the  material  through  which  they  pass  is  all  water-bearing  gravel,  it  is 
plain  that  a  lowering  of  3<)  feet,  for  example,  will  yield  water  repre- 
sented by  one-third  of  the  space  afh  ?>,  the  shaded  portion  of  No.  1. 
If  it  be  assumed  that  a  c  (j  is  impervious  clay  and  (^  f  r  is  water-bear- 
ing, a  lowering  of  30  feet  in  either  well  would  yield  water  represented 
by  one-third  of  the  space  (i  f  h  /,  the  shachMl  portion  of  No.  2.  If  it  be 
assumed  that  a  c  g  is  icravel  aiwl  th(»  i-est  clay,  a  lowering  of  30  feet  in 
well  A  will  yield  water  represented  by  one-third  of  space  (i  i  b,  the 
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Kliml<-tl  i>ortioii  of  Nn.  '.i,  iinU  woll  Ji  will  yield  uotbing.  If  it  be 
Hssiiiiivd  that  (If  e  is  gmvel  and  the  i-eoiHinder  clay,  well  A  will  have 
no  wat«v  and  well  B  will  yield  water  i-apresented  by  one-third  of  the 
Bitiu-^  k  f  h  J.  If  it  bcftflaHme<i  that  o  ile  risgi'avel  and  the  remainder 
elay,  w(>ll  B  will  yield  no  water  and  well  ,4  only  ho  much  as  is  repre- 
8«iit<'d  by  onf-tliird  of  llu-  8|)ac't'  n  A-j  i,  the  shaded  iwrtion  of  No,  5. 
If  It  Iw  assumed  that  n  il  c  c  is  olay  and  the  remainder  gravel,  well .4 
will  yield  water  represented  by  one-third  of  itimce  n  i  b,  while  well  B 
will  yield  water  represented  by  the  s|>ace  I'fhJ,  the  shaded  portion 
of  No.  C,  and  the  waters  may  differ  in  quality  as  well  as  amount. 


With  regai-d  to  the  roregoiiiti'illnstratioiiii  it  should  be  remembered: 
l-'ii-Mt,  that  a  given  set  of  comlitionH  in  one  Im-ality  will  nut  necessarily 
hti  re)>eat«d  in  another,  although  the  two  localities  may  l>e  close 
together.  Second,  that  favorable  conditions  atone  place  ai-e  nut  to 
be  interpretfld  too  freely,  and,  vice  vei-sa,  that  unfavorable  cunditious 
at  one  plaeo  are  not  proof  that  like  conditions  will  obtain  el.sewhere. 

In  the  illustraltons  the  variouH  be<la  ai-e  assumed  to  be  wholly 
imitervious  or  wholly  nneuntwlidated,  allowing  a  free  passage  of 
water.  As  I  have  already  state'l,  they  rL'ally  vary  in  ixiiosily  fi-om 
impervious  clay  to  the  most  open  gravels  and  bowldei-s,  and  any  par- 
ticular bed  may  vary  in  a  short  distance  from  a  clay  to  a  ma.ss  of 
bowlders. 

Applying  the  principles  more  Kpecillcally,  it  may  l>e  stated  that  in 
Salt  River  Valley  wells  whicli  aie  practically  worthless  have  been 
sunk  within  short  distances  of  wells  which  are  very  pi-odnctive.  In 
certain  cases  tlie  material  penetrated  was  found  to  be  of  too  close  a 
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texture  to  allow  the  water  to  pass  readily  through  it.  Such  wells 
failed  not  from  any  lack  of  water,  but  because  the  water  could  not 
enter  them  fast  enough  to  yield  the  large  amount  requii-ed  for 
irrigation.  This  retardation  of  flow  may  be  due  to  various  causes, 
prominent  among  which  are — first,  silt  deposited  with  the  gravels; 
second,  beds  of  clay  which  the  well  happens  to  penetrate;  and,  third, 
a  cementing  of  the  gravels  by  a  deposit  of  caliche,  which  renders 
them  m<we  or  less  impervious.  The  occurrence  of  cement  or  caliche 
in  the  valley  fill  is  very  common. 

The  wells  at  Sacaton  are  the  first  to  be  put  down  in  the  Gila  Valley. 
The  indications  thus  far  are  favorable  and  it  is  expected  that  they 
will  prove  successful,  but  their  success  can  not,  however,  be  assured 
until  a  trial  has  been  made.  In  the  light  of  facts  already  known, 
however,  even  a  failure  of  these  wells  should  not  be  interpreted  as  a 
demonstration  that  pumping  is  impracticable  in  the  Gila  Valley. 

It  may  furthermore  be  stated  that  Sacaton  is  not  situated  in  the 
most  pix)mising  locality  for  obtaining  water  by  pumping.  In  the 
western  third  of  the  reservation  the  underflow  from  the  Santa  Cruz 
and  a  part  at  least  of  the  underflow  from  Salt  River  joins  that  of  the 
Gila,  resulting,  as  previously  described,  in  the  return  to  the  surface 
of  a  large  volume  of  water.  It  is  obviously  in  this  part  of  the  reser- 
vation that  the  most  promising  conditions  are  to  be  expected.  Pump- 
ing plants  can  probably  be  operated  with  profit  throughout  the  length 
of  the  reservation,  but  indications  point  to  the  probability  that  those 
situated  in  the  western  third  would  prove  more  profitable  than  plants 
at  other  localities,  for  the  following  reasons: 

(1)  The  water  lies  near  the  surface  over  a  large  area,  assuring  a 
low  lift. 

(2)  The  large  volume  of  return  water  gives  assurance  of  a  large 
quantity  available  for  pumping. 

(3)  The  freedom  of  movement  of  the  underground  waters,  evidenced 
by  the  quantity  of  return  waters  and  the  oeeurrence  of  large  springs, 
et<;.,  indicate  that  a  small  number  of  wells  would  yield  a  given  amount 
here  while  a  much  greater  number  would  be  required  in  a  region 
wiiere  tlie  movement  of  the  water  through  the  sands  and  gravel  is 
more  retarded.  In  certain  places  in  Salt  River  Valley  single  wells 
are  yielding  175  inches  of  water,  while  in  other  places  there  are  wells 
yielding  less  than  50  inches.  Pumping  plants  established  in  a  region 
where  thc^re  is  a  free  movement  of  the  underground  waters  require 
fewer  wells  for  the  required  amount,  and  the  initial  cost  of  installa- 
tion is  correspondingly  less. 

(4)  The  greater  the  freedom  of  movement  of  the  water  through  the 
gravels  the  less  will  be  the  local  depression  of  thc^  water  level  by  the 
pumping  and  the  l(»ss  the  total  lift,  with  a  corresponding  decrease  in 
running  exjiense. 
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(3)  The  iiioi'e  segregated  the  land  irrigalecl  the  more  econatnicallf 
oftii  ih©  water  be  used. 

For  the  nbove  reasons  the  most  proniisiug  place  for  the  estabUsh- 
ment  of  pumping  plants  i»  in  the  M'estern  Ibird  of  the  reservation. 

(HIST    (IF    I'trjIPINd. 

There  is  little  donbt  Ihjit  sufficient  water  is  present  in  the  Gila 
underflow  near  the  surfaeu  to  more  than  supply  the  needs  of  tie 
Indians.  There  in  little  iloubt,  furthermore,  that  th«i  methods  uow 
being  employed  at  Sacaton  and  at  several  pointu  in  Salt  River  Valley 
are  adequate  to  aeeiire  this  water  in  satisfactory  (jnantities.  It 
remains  to  inquire  at  wliat.  cost  the  water  ean  be  placet!  at  the  dispo- 
Bition  of  the  water  users.  As  no  estimate  has  been  made  of  the  cost 
of  operating  pumping  plants  in  the  Gila  Valley,  the  cost  of  those  ii 
Salt  River  Valley  may  be  taken  as  a  criterion. 

Mr.  Code  "  shows  that  water  is  raise*!  44  feet  at  the  Murphy-McQueen 
ranch,  near  Mesa,  Ariz.,  at  a  cofit  of  ^i.iJ  per  acre-foot,  using  steam 
power,  with  wood  for  fnel.  The  Consolidated  Canal  Company,  of 
Mesa,  raises  water  47  and  50  feet,  at  a  cost  of  approximately  €2.50 pet 
acre-foot.  The  power  used  is  electricity,  and  is  rated  at  its  retail 
vahie  in  Phoenix.  Computations  of  cost  for  other  pumping  plants  in 
Salt  River  Valley  give  costs  per  acre-foot  varying  from  82  to  $i.  The 
horsepower  of  the  Murphy- McQueen  engine  is  estimated  at  80.  Tlje 
cost  per  hour  in  operating  the  plant  is  ?1.M.  At  (his  rate  the  cost 
per  horsepower  per  year  is  #137. iT.  It  has  been  estimated  that  elec- 
tric power  can  be  produced  at  a  cost  of  ^50  or  less  per  horsepower  per 
year.  Other  things  equal,  thiw  rate  of  expense  would  reduce  the  cost 
of  raising  water  at  the  Murphy- McQueen  plant  to  atmut  S2  cenLs  per 
acre-foot.  Data  obtained  from  other  pumping  plants  of  Salt  Rivor 
Valley  indicate  that  if  the  cost  of  power  does  not  exceed  t5(t  per  horse- 
power per  year  water  can  lie  puuiped  from  the  underflow  at  a  cost  of 
about  75  cents  to  $1  per  acre-foot,  according  to  the  amount  of  lift, 
liind  of  pump  used,  etc. 

Professor  McClatehie,  of  the  Arizona  Agnculture  Experiment  Sta- 
tion, has  determined  the  value  of  an  acre-foot  of  water  in  this  region 
to  vary  from  $3.05  in  the  case  of  wheat  sown  under  unfavorable  con- 
ditions to  $5C.45  when  strawberries  are  raised.  Wheat  may  be  lalceii 
as  the  staple  crop  of  the  Indians.  Professor  McClatehie's  figure  for 
the  value  of  an  acre-foot  of  water  applied  to  wheat  is  M.65  to  $5.00.* 
It  is  therefore  evident  that  water  cjin  bo  fumislied  to  the  Indians  by  i 
means  of  pumps  at  a  cost  sufficiently  below  the  commercial  value  of 
the  water  thus  obtained  to  make  money  spent  in  the  establishment 

"Cod.-.  W.  H.,  IrrltmilQii  invrntlgation  In  Salt  Hlvcr  Valley:  ITnitirl  fiXtiU-^  Depart ment  of 
ABTlcnllui-e;  report  of  irriitati"n  iiire»liKalioii  for  1«01,  No.  1,  p,  m. 

ftMcnal'hip,  AltradJ,  IrriBBtloOBt  tlio  HUtlon  farm,  iaiH-1901;  UniT.  Arii.  Aifrio.  Eip.  St*- 
tioD  Bull.No.  41,  1M£- 
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of  properly  constmcted  pumping  plants  a  safe  and  profitable  invest- 
ment. It  should  be  stated,  however,  that  the  Indians  can  scarcely  be 
expected  to  make  as  good  use  of  water  as  Professor  McClatchie  makes> 
even  under  the  most  adverse  conditions,  on  his  experimental  farm. 
The  profit  in  the  case  of  the  Indians  would  be  notably  less  than  the 
figures  indicate,  owing  to  antiquated  methods  and  lack  of  enterprise 
so  common  among  them. 

CHEMICAL  CHARACTER  OF  THE  UNDERFLOW. 

Since  the  underground  water  of  Gila  Valley  is  found  to  be  avail- 
able for  irrigation,  it  remains  to  inquire  into  the  character  of  this 
wat«r  and  its  adaptability  to  irrigation. 

Since  the  beginning  of  investigations  and  experiments  looking  to 
the  establishment  of  pumping  plants  in  Gila  Valley,  strong  opposition 
to  the  use  of  pumped  water  has  arisen  from  various  sources,  largely, 
it  would  seem,  because  of  the  assumption  that  the  establishment  of 
pumping  plants  would  delay  certain  storage  projects  on  Gila  River. 
The  obvious  need  of  the  Indians  has  been  used  as  the  strongest 
argument  for  pushing  the  storage  projects,  and  many  statements  which 
are  not  substantiated  by  facts  have  been  made  regarding  the  use  of 
pumped  water  and  its  effects  on  soil  and  vegetation.  It  has  been  stated 
that  underground  water  contains  salts  detrimental  to  plant  life;  that 
orchard  trees  have  been  killed  hy  the  use  of  pumped  water;  that  fields 
of  grain  and  alfalfa  have  been  destroyed  by  it;  and  that  land  once 
productive  has  been  rendered  useless  by  accumulations  of  alkali  due 
to  its  use. 

In  regard  to  the  saline  character  of  the  Gila  underflow  the  chemical 
studies  of  Profs.  R.  H.  Forbes  and  W.  W.  Skinner,  of  the  Arizona 
experimental  station,  have  supplied  definite  information. 

SALT  CONTENT  OF  THE  SURFACE  FLOW. 

Those  who  oppose  the  use  of  underground  water  for  irrigation 
assert  that  the  surface  water  of  the  river  is  beneficial  to  the  land 
while  the  underflow  water  is  detrimental.  Concerning  the  surface 
flow  Professor  Forbes  writes:'' 

The  Gila  River,  under  the  di recti  n  of  the  late  Judge  W.  H.  Benson,  was 
sampled  daily  near  the  head  of  tho  Florence  canal.  Sampling  began  November 
28,  1899,  and  continued  nearly  all  the  time  that  water  flowed  until  November  .">, 
1900,  the  daily  samples  being  taken  in  the  usual  manner  and  combined  in  sets  of 
7,  ill  demijohns.  No  record  of  the  flow  of  the  Gila  for  this  period  is  available, 
but  the  volume  of  water  during  this  time  ranged  from  practically  nothing,  from 
March  7  to  about  July  20,  1000,  to  considerable  floods  in  August  and  Sei)tenil)tM', 
1900.  A  maximum  range  in  the  character  of  the  water  was  therefore  observed. 
althongh  as  a  whole  the  year  was  dry  and  the  river  low.     *    *    * 


oForbes,  R.  H.,  The  river  irritfating  watei-s  of  Arizona:  Univ.  «>f  Ariz.  Agr.  Exp.  St4ition.  Bull. 
No.  44, 19U8,  pp.  182, 1H.5, 191-192. 
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Tablb  V.—S(lt  and  »alt»  Ji 


Uila  Hiver  icatera  jVoifinfer  SS,  1S99,  to 
1900. 
[PnrtalnlOOjn).} 


Period. 

a«. 

SiUta. 

Period. 

Mlt. 

aiiu. 

Nov.  28-Dec.  4.  1898.. 

73 

190.0 

Aug.  8-14;.1600 

4,380 

m.i 

Dec.  5-11, 18»8 

OS 

119.6 

ATig.  lli-ai.1900 

1S9 

88.9 

Deo.  13-19, 1899 

86 

120.3 

Aug.  22-28, 1900 

75 

96.  S 

Dec.  19-2B.189fl 

63 

116.6 

Sept.  1-7,1BOO_    

3.M9 

3S.4 

Dec.  a«-Jan.  1. 1900-.. 

78 

no.  4 

Sept,  8-14, 1900  _ 

9.406 

M.1 

Jan.  U-IS,  ltK»._ 

86 

ne.o 

Sept.  33^8.  1900 

1,987 

46.0 

Feb.  1-7,  1900 

16 

118.8 

Sept.  39-Oot.  7.  lOOO- 

29 

110.2 

Feb.8-H.  IBOO 

e 

118,0  l]  Oct.  8-14,  1900     -.     . 

28 

llO.( 

Feb.  15-31.1900 

IB 

Ua.a      Oct.  1.V31.1B00 

53 

104.  D 

Feb.  33-38.  1900 

8 

11S.4 

Oct.  22-28.  1900   

406 

iw.e 

Mar.  1-7.  1900 

IS 

118.4 

Oct.  29-NoT.  5. 1900__ 

S93 

118.  J 

ATig.  1-7,1600 

7,584 

6S.0 

*  *  *  The  dimolveil  solids  in  the  Gila  vary  fi:oui  a  small  amoaiit  ( 'S9.A  pHti 
in  100,000)  ill  time  of  flood  to  njarked  salinity  (120  parts)  in  time  of  low  water. 
For  fifty-nine  diiys  of  t!ie  purtial  jenr  niiiler  Dbpen-iition  the  t^tal  aolnblee  were 
lees  than  100  parts  in  lOO.OOO.  and  more  [thaii  that  amonnt]  for  one  haii<Ireil  and 
thirty-eight  days. 

The  character  of  these  sftlt«  varies  markedly  with  the  stage  of  flow.  Low  waters 
are  bard  in  character,  containing  chiefly  common  salt,  calcium  sulphate  or  gyp- 
snm.  and  calcium  and  inagnesinm  carbonatca,  hut  no  excess  of  sodium  carbonate 
or  black  alkali.  Flood  waters,  on  the  other  hand,  are  distinctly  black  alkaline, 
being  of  this  character  for  sii  weeks  of  the  highest  water  during  August  and  Sep- 
tember, 1900.  The  weather  maps  show  that  the  Oila  floods  of  Angost  and  Septem- 
ber. 1000.  both  originated  in  the  largely  granitic  watershed  of  the  San  P>edn)  aud 
in  the  less-known  country  of  the  far  upper  Gila,  granitic  rocks  being  a  leading 
sourcK  of  s:Klium  carbonate.     *    •     • 
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Tabu  Vm.—CompoMion  of  icaiert  of  ike  Oila  River. 


I  Low  win-  Low  w 


daily  dsilT 

implHe.    lUUDDreij 


flow]  WB-  I  lov  «K- 

Bge  of  H  I  Age  of  K 
weekLf  w^«kly 
coaiptie-  [  i^iBpos- 
itesof    :    iUaaf 

ditlv    I    "i^iiy 
vin.    '  w.ualr 


Hispleo. 
Sept.  1- 

a8,isua 


Nov.  5, 


1, — Partial  timdyti*. 

Silt,  per  cent  by  weight 0. 056 

Solnlile  solids,  parts  in  100,000.  lid.  9 
Containing: 

ChloriDti.  Btsted  as  oinn- 

niontalt.Naa   ,    06.2 

Alka1iuity,Htat«d»BHodi-  , 

nm  carbonate.  Na,CO,. 

HordneBs.  stated  as  ca\-  ' 
cinm  snlphBte,  CaSO,.        7. 4 
Hi tTf^ren. parts  in  1,1100. OOi):     I 
Ttftol  iiitro^tjii  ill  nilt  auil 


0,012 
113.6 


5.957 
54.3 


water  _   _  _   

a.  37 

1.54 

Nitrogen  in  nitrates .    

.4.1 

.56 

Nitrogen  in  iiitrit«8 

1  Traces 

Tra-es 

nhle  solida,  stated  by  iotu: 
Partg  in  100,000  of  jpater. 

Solimn.Na - 

HI. 31 

28.07 

Calcimn.  Ca 

r,.  L>4 

0.63 

Magnesium.  Mg . 

2.64 

2.  SB 

Chlorine.  CI- 

40.11 

88.34 

Sulphnric,  SO. 

1.>.51* 

16.  .W 

Carbonic, CO, _ 

(I,  ,13 

6.0:) 

Si.icic,  SiO, _ 

■     7,.-i3 

0.53 

B.—Cinn}ilete  analym  t  nf  s-jI- 
iible  titliAt,  cnlcnhiteil  to 
conipoiniiis:  Parts  in  I'l",- 
///Hl  of  irater. 

Scxlium  carbonate.  Na,COi 

Sodium  Kiltcate.  Na^SiO, 12.  ijh 

Sodinm  chloride.  NaCl fifi.  10 

8o<li«in  Htilphate,  Nft,SO,  .  1 . 7(1 

Potai-sinm  chloriile.  KCl 

Potfiapinm  sn'.phate.  K,SO|  .  3.117 
Magneninm  solphate.  M(rS<:).-  .  10 
Magnesinmcarlionate,  MgOO,  ii.  14 
Calcinm  enlphatc.  Ca.S(  >,  ...  17. 30 
Calcium  carbonati-,  C'aCOj 


0.117 

&3.5 


5.4S1 

47. 1 


None.       None. 


27.18 
1.61 
B.8T 
3.48 

36.48 
14.56 


5.71 
1.21 


12.78 


8.20 
CO.  20 


8. 08 
lfi.92 
10.97 


^^BTTf^iai 
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SALT   CONTEST   OP  THE    UN'DEKPLOW. 

Aiialysesof  underground  waters  have  been  made  in  and  neartiili 
Vallty  as  indicated  iu  ihe  followiog  table; 

Anal^/aex  of  underffroand  ttatera  of  Gila  Vallen,  Arizona. 


The  analysis  of  waler  from  Maricoi>a  indicates  the  character  of  the 
■  water  joiniag  Che  Giln  underRow  from  the  Santa  Cruz;  that  from  the 
Consolidated  Canal  Company's  well  and  Hansen's  well  the  character 
of  that  entering  from  Salt  River,  while  those  from  Gila  crossing,  since 
they  are  return  waters  from  the  underflow,  repreaeat  the  combined 
waters  of  the  Gila,  Salt  River,  and  Santa  Cruz.  The  high  salt  con- 
tent in  the  Hansen  well  is  an  exception  to  the  general  rule.  The 
water  of  this  well  contains  the  greatest  amount  of  saline  matter  of 
any  irrigation  well  in  Salt  River  Valley. 

In  answer  to  certain  objections  raised  by  Dr.  Charles  H.  Cook,  of 
Sacaton,  Mr.  T.  II.  Means,  of  the  United  States  Department  of  Agricul- 
tun^,  in  a  letter  to  the  chief  engineer  of  the  reclamation  service,  writes; 

Your  letter  of  March  31,  intlnaiiig  cupy  of  letter  from  Mr.  Charles  H.  Cook, 
has  been  reueiveil. 

I  am  mucb  interesteil  in  the  comments  Mr,  Cook  makes  regarding  the  use  of  the 
Sacaton  pnmped  water.  I  have  just  rweivcil  from  Professor  Forliee,  of  Tncson, 
a  co])y  of  an  analysis  of  the  water  from  the  Sacaton  wells.  This  analysiB  is  u 
follows: 

AmityniK  of  water  from  Siicatoii  well,  Arizoiiu. 

Total  solids _ _ __„  68.00 

Sodinm  chloride - _ _ .  28. 80 

Sidinm  carbonate . . .  .  - _ 2. 97 

Nitrates _._ _ _ 08 
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If  I  were  called  upon  to  i>aa8  judgment  upon  the  value  of  such  a  water  for  irri- 
^tion  purposes  I  would  say  unqualifiedly  that  the  water  does  not  contain  soluble 
salts  in  harmful  quantity,  and  that  irrigation  with  it,  where  anything  like  reason- 
able care  is  exercised  in  its  use,  should  not  injure  the  land. 

I  am  not  acquainted  with  the  soil  conditions  at  Sacaton,  but  do  not  see  any  con- 
dition in  a  good  soil  which  would  modify  the  above  statement.  Mr.  Cook's  com- 
parison of  conditions  at  Hansen^s  place  and  those  at  Sacaton  is  scarcely  fair  in 
view  of  the  fact  that  the  water  from  Hansen's  well  carries  from  440  to  500  parts 
of  soluble  matter  per  100,000,  or  about  7  times  as  much  as  does  the  Sacaton  water; 
and  from  parties  around  Tempe  I  understood  that  the  irrigation  on  Mr.  Hansen's 
place  was  a  perfect  success.  The  normal  water  supply  in  the  Buckeye  canal 
carries  about  180  parts  per  100,000,  or  nearly  three  times  as  much  as  the  Sacaton 
water.  Irrigation  at  Buckeye  has  been  carried  on  for  fifteen  years  with  no  detri- 
ment to  well-drained  soils.  The  normal  low- water  flow  of  Salt  River  at  the  Ari- 
zona dam  carries  100  parts  salt  or  more,  or  1|  times  as  much  as  the  water  from 
Sacaton  wells. 

The  only  element  in  the  Sacaton  water  which  does  not  occur  in  the  sources 
cited  above  is  senium  carbonate  to  the  extent  of  2.97  parts.  This  amount  of  black 
alkali  should  not  interfere  with  cultivation.  A  small  application  of  gypsum  to 
the  soil  would  overcome  any  alkaline  tendency,  but  I  do  not  think  that  even  that 
would  ever  be  necessary.  All  of  the  sources  of  irrigation  water  in  the  Salt  River 
Valley  occasionally  carry  small  amounts  of  black  alkali,  but  no  harm  has  ever 
come  of  their  use,  so  far  as  I  know. 

So  it  would  seem  to  me  that  at  Sacatou  there  is  developed  a  source  of  water 
better  than  the  average  water  from  Salt  or  Gila  rivers.  I  have  eleven  analyses 
from  artesian  wells  at  Safford  and  neighborhood,  and  in  every  analysis  but  two 
the  black  alkali  exceeds  that  in  the  Sacaton  water.  I  am  told  that  irrigation  with 
the  artesian  water  at  Safford  ij  a  success. 

UNDERFLOW  AND  SURFACE  FLOW  COMPARED. 

A  comparison  of  the  total  salt  content  of  the  surface  flow  with  that 
of  the  Tiiiderflow  indicates  that  the  surface  waters  contain  salts  vary- 
ing from  39.4  to  120.2  parts  in  irM),000  parts  of  water.  The  twenty- 
five  analyses  given  indicate  an  average  of  96.3  parts.  The  salt 
content  of  the  underflow  varies  from  (yS  to  IGO  parts  in  100,000  parts 
of  water.  The  average  of  the  six  analyses  from  the  Gila  Valley  is 
126.6.  The  underground  water  at  Sacaton  is  better  for  irrigation,  so 
far  as  the  salt  content  is  concerned,  than  the  average  surface  water 

of  the  river. 

Sodium  carbonate,  or  black  alkali,  is  the  salt  most  feared  by  water 

users  in  this  region.  Confusion  in  the  use  of  the  term  "alkali"  leads 
to  misunderstanding.  Alkali,  as  used  by  some,  means  all  salts  in 
solution,  while  as  used  by  others  alkali  means  only  the  harmful  black 
alkali  (Na2C03).  Thus  the  whole  salt  content  is  frequently  under- 
stood to  be  black  alkali. 

In  Gila  Valley  there  are  large  areas  of  land  covered  with  white 
incrustations  of  salt,  deposited  by  the  evaporation  of  water  reaching 
the  surface  from  beneath.  These  deposits  of  ** alkali"  are  believed 
by  residents  of  the  region  to  be  composed  largely  of  *' black  alkali," 
or  sodium  carbonate,  and  they  n^ason  that  land  thus  affecte<l  is  past 
redemption.     In  every  case  tested  these  incrustations  were  found  to 
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Ill-  (■<  11)11  II iseil  so  largely  of  cummon  salt  that  no  otlier  twit  could  be 
(ktttH't«d  by  testing.  The  aualj'seH  of  Ihp  Wila  waters  indicate  thut 
blitck  ivlkuli  is  only  occaetimally  fouiiil  In  the  waters,  and  that  the 
groat  bulk  of  the  soluble  materia!  is  coniimSdl  of  common  sail  and 
the  comparatively  harmless  salts  of  limo. 

Kxamples  of  the  successful  use  of  waters  moro  saline  than  those  of 
the  Gila  underflow  are  numerous; 

The  Collins  well,  near  Phoenix,  has  for  several  years  supplied  land 
with  irrigatinK  water  couLaining  151)  parts  of  soluble  salts  in  llK>,OXi 
parts  of  water;  no  detrimental  effpct  has  been  detected. 

Mr.  Kunz,  near  Phoenix,  has  watered  a  botanical  garden  for  five 
years  with  water  contjiiuin^  223  parts  of  salt. 

The  court-house  yard  at  Phoenix,  in  which  trees,  shrubs,  and 
flowers  grow  luxuriantly,  has  been  watered  for  aliout  twenty  years 
with  well  water  containing  130  par1.s  of  salt. 

The  Indians  at  the  western  end  of  the  Pima  Reservation  use  seep- 
age water  from  Salt  River  eontainiug  about  200  parts  of  salt.  Land 
upon  which  this  water  has  been  used  continuously  for  at  least  thirty 
years  is  at  the  present  time  the  most  productive  land  on  the  reser- 
vation. 

Similar  examples  from  other  regions  might  be  given.  Perhaps  one 
which  la  certainly  an  extreme  case  may  be  sufQcieut.  Mr.  Thomas 
II.  Jleans,  of  the  United  States  Department  of  Apiculture,  has  pul>- 
lished  a  pamphlet  entitled  "The  Use  of  Alkaline  and  Saline  Waters  for 
Irrigation,""  in  which  he  states  that  in  the  Sahara  deciduous  fruits, 
gaMen  vegetables,  and  alfalfa,  as  well  as  the  more  hardy  forma  of 
vegetation,  are  successfully  raised  by  the  use  of  water  containiog  in 
certain  eases  more  than  8lTO  parts  of  soluble  salts  in  100,000  parts  of 
water. 

There  is  no  doubt  that  in  certain  instances  salts  have  accumulated 
in  the  soil  to  such  an  extent  that  \'egetj»tion  has  been  destroyed,  but 
such  accumulations  are  usually  due  to  improper  drainage.  There  are 
scores  of  instances  in  Salt  River  Valley  where  water  more  saline  than 
that  of  the  Gila  underflow  is  being  successfully  used  in  raising  fruits, 
garden  vegetJibles,  and  farm  produce  of  every  kind.  Mr.  Hansen  is, 
at  present  writing,  watering  a  large  tra<!t  of  cantaloupes  with  the 
most  saline  water  in  the  valley^r.,5  times  more  saline  than  the  water 
at  Sacaton. 

The  alleged  destruction  of  fruit  trees  is  doubtful.  In  spite  of  the 
frequent  statements  made  in  this  region  I  have  yet  to  find  an  authentic 
ease  of  a  tree  dying  as  a  direct  result  of  the  application  of  pumped 
water,  although  then;  are  scores  of  orchanls  in  this  region  in  which 
trees  have  died  for  lack  of  water.  There  may  l>e  instances  of  orchards 
destroyed  because  of  improper  drainage,  but  this  is  as  likely  to  iM!cur 
with  river  as  with  pumped  water.     There  are  manj-  instjinces,  on  the 
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other  hand,  where  orchards  are  thriving  on  pumped  water  when 
enough  is  supplied.  For  instance:  At  a  certain  place  in  Salt  River 
Valley  a  few  years  ago  some  trees  were  planted  and  watered  with 
pumped  water.  The  facilities  for  supplying  water  were  meager.  The 
trees  lived  for  some  time,  but  did  not  thrive,  and  finally  died.  It  was 
stated  at  the  time,  and  the  statement  has  been  frequently  repeated, 
that  the  well  water  killed  them.  Later  the  Consolidated  Canal  Com- 
pany established  one  of  its  pumping  plants  at  this  point.  The  same 
kind  of  trees  were  again  set  out  in  place  of  those  that  had  died;  they 
were  watered  with  an  abundance  of  well  water,  and  are  now  in  a 
thriving  condition. 

The  reclamation  of  land  affected  by  accumulations- of  alkali  may  be 
troublesome,  but  it  is  not  impossible.  Much  of  the  land  along  Gila 
River  is  affected  with  accumulations  of  salt.  This  land  could  be 
reclaimed  if  such  reclamation  were  found  preferable  to  the  utiliza- 
tion of  land  comparatively  free  from  such  accumulations.  There  is 
probably  enough  of  the  latter  on  the  reservation  to  meet  all  require- 
ments for  years  to  come.  As  applied,  however,  to  the  objection  of 
the  use  of  pumped  wat«r,  the  danger  from  alkali  accumulations  fails, 
since  the  surface  waters  are  as  likely  to  cause  such  accumulations  as 
the  underground  waters. 

ECONOMIC  CONDITION  OF  THE  INDIANS. 

Since  there  is  little  doubt  that  large  quantities  of  water  are  avail- 
able in  the  underflow  of  Gila  Valley,  and  since  there  is  good  reason 
for  believing  that  it  can  be  secured  by  pumping  at  a  cost  sufficiently 
low  to  render  this  method  of  securing  it  practicable,  it  remains  to 
inquire  whether  the  Indians  would  make  proper  use  of  this  water  if  it 
were  placed  at  their  disposal.  The  facts,  opinions,  and  estimates 
«:iven  below  have  been  gleaned  from  men  who  have  lived  among  the 
Indians  for  a  longer  or  shorter  time  and  from  my  own  observations. 
Very  little  of  a  definite  nature  can  be  given  owing  to  the  lack  of 
records. 

MARICOPAS. 

At  my  request,  Mr.  M.  M.  Murphy,  superintendent  of  irrigation  for 
the  Maricopa  Indians,  gave  nu*  the  following  statements  regarding 
the  Maricopas  and  those  Plmas  at  the  western  end  of  the  reservation, 
with  whom  he  is  well  aequainterl : 

Maricopa  Indians  on  the  west  end  of  the  Pima  Reservation  number  about  275. 
There  are  67  families;  they  own  1,0(50  acres  of  cultivated  land,  divided  into  133 
tracts  or  farms,  many  Indians  owning  as  many  as  five  farms  in  different  parts  of 
the  village.  The  Maricopas  have  74  children  in  school — 40  in  the  Maricopa  day 
school  and  34  in  the  Phoenix  Indian  school. 

In  1901  the  Maricopas  cultivated  about  800  acres  of  wheat  and  15  or  20  acres  of 
com,  etc.  In  1902  they  cultivated  about  800  acres  of  wheat  and  about  150  acres 
in  compete.  In  1903  they  cultivated  about  1,000  acres  of  wheat  and  about  450 
ac^res  of  com,  etc.  The  corn  and  other  summer  crops  are  planted  after  wheat  is 
harvested. 


M        rWDEBOROUND   WATERS    OP  OILA  VALLBY,   ARIZONA.     |w>.»i 

In  addition  Mr.  Murphy  informs  me  that  the  Maricopas  raiwd 
fi.iKK)  bushels  of  wlieat  in  I'JOi',  and  Hi.OOO  bushels  in  1903.  Many  of 
them  have  money  laid  away,  anioiintiiig  sometimes  to  $3,0CK>  or  more. 
In  generttl,  in  his  opinion,  their  money  is  not  spent  foolishly,  anil 
there  is  a  marked  tendency  toward  prosperity.  They  know  little  of 
banking.  Their  money  is  laid  away  for  the  most  part  in  gold  or  silver 
coin,  and  it  is  naturally  difficult  to  learn  the  amonut.  A  numl>er  of 
the  more  intelligent  Indians  have  i-ocenMy  asked  Air.  Murphy  to  \i\ncv 
their  savings  for  them.  Gambling  was  formerly  prevalent  amoiif; 
them,  but  has  now  been  largely  V(M>ted  out. 

My  own  obsen-ations  while  nniong  the  Maricopas  bear  out  the  gen- 
(^■ralooiiolusions  given  by  Mr.  Murphy.  The  fultivated  land^  are  well 
Wnded.  The  lields  are  inclosed  by  wire  fences,  and  the  irrigatiou 
ditehes  clean.  The  school  children  appeared  comfortably  dressed 
and  well  cared  for.  On  the  whole,  the  Maricopa  Indians  are  indus- 
trious and  moderately  pi-osperous.  It  should  be  stiited,  howe\or,  that 
this  is  largely  due  to  the  efficient  sU]>ervi8iou  of  Mr.  Murphy.  While 
there  are  a  few  who  would  prosper  unaided,  the  Indians  as  a  people 
need  direction.  Mr.  Murphy  has  found  it  necessary  to  be  dictatorial 
with  them,  telling  them  what  to  do  and  when  to  do  it.  They  are  willing 
to  work,  and  usually  willing  to  be  directed.  The  result  of  this  super 
vision  is  seen  in  the  increased  wheat  crop.  The  amount  of  water  was 
the  same  in  both  years,  but  under  his  supervision  the  wheat  crop  was 
iuereiisod  from  S.lluu  busiiels  in  100:!  to  lii.iXK)  bushels  in  1003. 

PIMAS  OF  GII,A  CROSSING. 

Concerning  the  Pimas  of  the  western  end  ot  the  reservfttion,  Mr. 
Murphy  says: 

The  other  Indtans  living  west  of  Maricopa  and  Phoenix  and  Salt  Biver  Talley 
Bailroad  are  Pimas.  They  reside  at  a  point  on  Oila  River  known  as  Gil  iCroeaiiiK; 
tfaey  occnpy  six  villages;  eacli  village  maintains  a  dam  and  ditch  for  secnring 
the  seepage  water  available  at  that  point.  The  aggregate  popnlation  is  abont 
1,200.  and  they  have  abont  1,500  acres  in  cnltivation.  These  Indians  have  never 
been  disturbed  by  whites  in  anyway.  They  have  always  had  an  ample  wat«r 
supply  for  from  4.000  acres  to  G.OOO  acres.  They  are  very  poor  and  there  is  consid- 
erable suffering  among  them  every  year  from  cold  and  hanger,  but  their  poverty 
and  distress  are  dne  to  their  own  ignorance  and  idleness. 

Indiana  are  deficient  in  jndgment  and  iu  executive  ability,  hence  it  ia  necessary 
to  place  them  under  proper  supervision  until  desired  reforms  become  fixed  habits. 

These  Indians  own  their  irrigation  ditches  and  maintain  them  by 
cooperative  work.  The  want  of  law  and  system  leads  to  trouble, 
injustice,  and  waste  of  water.  The  man  who  owns  1  acre  must  work 
as  much  in  maintaining  the  ditcu  as  the  man  who  owns  10  acres.  The 
distribution  of  water  is  equally  unjust.  Each  man  takes  what  ho  can 
get  whenever  he  wants  it.  The  result  is  that  certain  farms  fail 
entirely  for  want  of  water  even  when  there  is  water  enough  for  all. 
On  the  other  hand,  a  large  proportion  of  the  water  runs  to  waste 
■lowing  to  want  of  repaii-s  iu  ditches  and  dams. 
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Durinj2^  the  present  year  the  diversion  dams  have  been  carried  away 
five  times.  The  result  is  not  only  that  no  flood  water  is  secured,  but 
that  a  large  part  of  the  ordinary  current  due  to  seepage  or  return  of 
the  underflow  is  wasted  before  the  dams  are  repaired.  The  Indians 
seem  to  be  incapable  of  building  or  maintaining  such  constructions 
as  will  conserve  their  available  water  supply.  They  have  shown 
themselves  iacapable  of  equitably  distributing  such  water  as  they 
secure.  The  available  wat^r  at  Gila  Crossing,  if  used  to  the  best 
advantage,  is  probably  sufficient  to  maintain  in  some  degree  of  com- 
fort  those  Indians  now  living  in  that  locality.  A  large  part  of  the 
water,  however,  is  allowed  to  run  to  waste.  The  greatest  need  of 
the  Indians  at  Gila  Crossing  is  a  man  of  experience  and  infinite 
patience,  who  will,  like  a  schoolmaster,  assign  daily  tasks  and  enforce 
obedience. 

Dr.  C.  H.  Ellis,  who  resides  at  Gila  Crossing,  states  that  the  Pimas 
of  that  locality  are  poor  and  shiftless,  not  so  much  because  of  a  lack 
of  water  as  because  of  a  lack  of  executive  ability.  They  will  work  if 
they  are  compelled  to  work,  and  it  is  not  difficult  to  compel  them.  A 
simple  command  is  usually  sufficient,  but  the  command  must  be 
repeated  day  by  day.  They  are  not  more  shiftless  by  nature  than 
the  Maricopas.  They  need  above  all  else  a  practical  man  to  direct 
them.  They  must  be  compelled  to  have  their  land  ready  at  a  certain 
time  for  the  use  of  water.  Each  Indian  must  be  informed  individu- 
ally what  he  must  do  and  when  he  must  do  it.  The  commands  of  a 
properly  appointed  overseer  are  usually  recognized,  though  occasion- 
ally force  is  necessary. 

In  talking  with  various  men  acquainted  with  the  situation  at  Gila 
Crossing  there  was  general  agreement  I'egarding  the  trouble  and  its 
causes.  The  old  customs,  usages,  and  practices  remain,  the  Indians 
seeming  unable  to  adjust  themselves,  unaided,  to  new  conditions. 
Their  laws  and  customs,  especially  with  respect  to  the  ownership  of 
land  and  the  maintenance  of  irrigation  ditches  and  the  use  of  water, 
are  sadly  in  need  of  revision.  Mr.  Murphy's  conclusion  that  *'it  is 
necessary  to  place  them  under  proper  supervision  until  desired  reforms 
become  fixed  habits,"  seems  to  be  the  only  rational  way  of  dealing  with 
the  situation. 

On  the  other  hand,  there  ai-e  at  Gila  Crossing  a  number  of  Indians 
who  are  moderately  prosperous.  One  is  reported  as  having  several 
thousand  dollars  laid  awav,  and  owns  several  hundred  cattle  an<l 
horfles.  Several  small  bunches  of  cattle  belonging  to  Indians  were 
seen. 

PIMAS  OF  SACATON. 

The  Indians  living  east  of  the  Maricopa,  Phoenix  and  Salt  liiver  Rail- 
road have  much  worse  conditions  to  contend  against  than  those  at  the 
western  end  of  the  reservation.     Doctor  Cook,  who  has  live<l  among 
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Ilio  I'liims  for  Ihirty-lwo  yeflrs  and  protmiily  knows  tlicm  bot1«rt]iaD 
liny  oMk'i-  iimn,  ntAtcs  thai  lii«rc  ai^  Hlmiit  i!,F»l)0  Piinas  llvlnj;  ^itslof 
tliu  niilriiH<].  These  TmliNii^  Iiav(>  had  littli'  wnt»r  ttlnvv  IgOO.  Mitny 
fHrnis  w)iii!li  woiv  prmhii't ivo  l>cf(ire  llint  t  imc  liivvf  lni»  idle  for  the 
pHsl  tliirlKon  yuai's.  <.K*<>ft^  ion  ally  unuiigli  wntcr  is  ublaiiK-d  from  a 
flrxHl  or  from  «  showor  to  vaise  a  sirnnty  tTop  if  tfie  land  hH|ipi>D!iln 
bo  rca<1y  at.  tho  right  limt\  Thiw,  how*?vcr,  is  wi  um-ortain  thai  luwl 
«f  thn  liidiaiiH  have  long  Hinep  f(^H»cd  to  pwpaiv  their  flplds  fnrlbe 
IK>s»iil)ility. 

A  small  amount  of  seeimye  walei-  is  olitaiiiMl  npar  Siu^nton.  Hiiil 
with  this  li  fww  Indians  raisf  wlieiit  Hnd  corn. 

Mr.  id'll,  wlio  has  kept  a  store  nf  Sa<'«toii  for  tw«nty  years,  speaks 
highly  of  tho  Indian  chnraet^r.  Ho  trn»t»  them  fully  for  goods,  and 
findw  that  tliey  {my  their  delilf*  fail  hfully  wlion  they  have  anj-thing  to 
l>ay  witli.  Mr.  Hell  was  kind  enough  to  show  me  his  aeeoiuil  Imoks 
an<I  stati'd  that  his  lo8«  thTOUgh  had  dehls  was  no  greater  limit  whfn 
dealing  with  white's.  This  year  (l'.iO:{)  lio  Ixnight  from  tho  Indians 
iiliout  4iK>,(M)(>  pounds  oT  wheat,  and  ejitimalos  that  at  h^ast  four  limvs 
as  much  has  lK>en  lionght  by  other  traders;  32fl,CM)(i  pounds  have  been 
bought  at  Ihi!  agency.  The  largest  individual  sales  of  wheat  whieh 
c»nie  to  my  notiw  are  L'[,W"l  pounds  by  an  Indian  from  Ulac-knat«r 
village  and  :J,000  pounds  by  another  from  the  »amo  plaue.  These, 
however,  arc  exeeptional  eases.  The  great  majority  of  the  IitdiaiiH 
do  nut  have  water  enough  to  raise  grain  sufficient  for  their  own  needs. 

It  is  diflieult  to  seenre  anyadetiuate  conception  of  what  the  Indians 
would  do  if  supplied  with  water.  It  seems,  however,  safe  to  state  that 
much  land  now  idle  wonldbeuiade  pnHluctive,  and  something  like  the 
former  prosperity  restored.  Doctor  Cook  states  that  in  187!>,  before 
the  water  wivs  taken  from  the  Indians,  he  bought  fr<mi  them  in  one 
sumnier  750,Ol>0  iioiinds  of  wheat.  There  were  at  that  time  five  other 
traders,  whodidabouttliesameamonnt  of  business,  making  the  aggre- 
gate amount  of  wheat  sold  at  that  time  about  4,500,000  pounds. 

Ilei-e,  as  at  the  western  end  of  the  reservation,  the  Indiana  are 
described  as  willing  to  work,  but  unable  to  wisely  direct  their  own 
movements.  With  proper  supervision  and  proper  opportunities — the 
two  must  go  together — llie  Indians  would  not  only  be  self-supporting, 
but  would  raise  luueh  produce  for  market.  The  men  who  know  the 
Indians  best  almost  unanimously  agree  that  next  after  an  adequate 
water  supply  their  most  urgent  need  is  adequate  su[)enision.  They 
have  willing  hands,  but  the  head  must  be  supplied  to  make  tbem 
prosper. 

The  Indians  ai-e  slow  to  adopt  modern  improvements.  They  can 
not  adapt  themselves  readily  to  new  conditions.  They  still  reap  their 
wheat  Willi  the  sickle  and  thrash  it  on  the  ground  by  driving  horse.s 
over  it.  It  is  winnowed  by  throwing  it  into  the  ;iir,  and  it  is  washed 
and  picked  over  by  hand  before  it  is  nuirketed.     Jlodern  implemcnlt? 
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of  agriculture  arc  useless,  the  Indians  not  knowing  how  to  use  them 
and  seldom  earing  to  learn.  It  will  take  years  of  patient  supervision 
to  supplant  the  antiquated  methods,  but  the  ease  is  not  hopeless. 

During  my  last  visit  to  Saeaton  I  was  fortunate  enough  t^)  meet  the 
chief  men  of  the  tribe,  who  had  gathered  in  council  at  the  call  of 
their  chief.  Antonio  Azul,  a  well-preserved  old  man  of  90  years,  has 
been  chief  of  the  Pimas  for  forty-three  years.  lie  has  been  probably 
the  most  prosperous  man  of  his  tril)e,  and  formerly  had  large  culti* 
vated  fields  and  large  herds  of  cattle. 

At  the  council  of  the  chief  men  I  took  occasion  to  explain  to  them 
something  of  the  cost  incurred  in  developing  water,  and  inquired  if 
they  were  willing  to  pay  the  cost  of  water  which  might  be  supplied. 
This  had  been  previously  explained  to  them  individually,  so  that  they 
understood  thoroughly,  and  all  signified  their  willingness  to  pay  for 
the  benefits  received.  I  next  inquired  of  men  who  know  the  Indians 
best  whether  they  would  be  able  to  meet  such  obligations.  The 
opinion  expressed  by  some  was  that  payment  would  be  prompt;  by 
others,  that  the  cost,  estimated  at  $1  to  *1.5()  per  acre-year,  is  greater 
than  the  Indians  could  possibly  pay;  by  others,  that  some  could  pay 
and  many  could  not;  and  by  still  others,  that  the  question  of  remu- 
neration was  purely  a  question  of  the  quantity  and  quality  of  super- 
vision afforded  them  by  overseers.  If  left  to  their  own  devices,  few 
would  do  more  than  support  themselves.  If  compelled  to  work  by 
modern  methods,  many,  if  not  all,  would  be  able  to  pay  the  cost  of 
water  supplied  to  them. 

The  question  of  the  development  of  underground  water  by  the 
Indians  themselves,  either  individually  or  collectively,  is  easily 
answered.  They  are  not  progressive  enough,  nor  have  they  execu- 
tive ability  enough  to  put  a  pumping  plant  into  operation,  and  it  is 
very  doubtful  whether  they  could  be  trusted  to  keep  one  of  even  the 
most  simple  construction  in  operation  if  it  were  installed  for  them. 
If  water  is  supplied  to  the  Indians  by  pumping,  the  pumping  plants 
must  be  installed  and  operated  by  white  men. 

The  question  of  whether  the  Indians  would  properly  use  water 
which  may  be  developed  for  them  can  be  answered  only  by  actual 
trial.  It  is  my  judgment,  based  on  what  I  have  seen  and  heard  dur- 
ing the  past  six  months,  that  they  can  be  instructed  to  use  it  properly 
and  profitably.  The  more  important  fads  which  lead  to  this  conclu- 
sion may  be  stated  as  follows : 

1.  The  Indians  of  Gila  Valley  have  long  l)een  an  agricultural  people. 
They  irrigated  their  land  from  the  (4ila  River  long  before  white  men 
came  to  interfere  with  their  rights. 

2.  They  are  peaceful,  never  having  been  at  war  with  the  whites. 

3.  They  are  industrious,  though  their  industry  needs  direction  and 
supervision. 
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4.  They  are  lioncsl;  tlii-y  art*  iiof  given  to  thieving;  they  pay  their 

5.  They  liave  gineniiiM  riiitiires;  giving  finely  towai-d  the  snpport 
of  those  who  are  in  need  is  c-ommon  among  them. 

Since  the  piiipoee  of  this  investigation  i.s  to  determine  the  possitnl- 
ity  of  developing  the  wmten  i>f  the  underflow  of  the  Gila  Valley  f« 
the  benefit  of  the  Indians,  the  following  faetji  and  eonsiderationa  ara 
deemed  worthy  of  speolal  attention : 

I.  The  Indians  have  a  right  by  the  law  of  priority  to  the  use  of  the 
water  of  the  (iila  River. 

a.  This  water  has  beeti  taken  from  them,  the  surfaee  waters  of  llie 
Gila  no  longer  readiing  the  reservation,  with  the  resnll  that  the  lanil 
eultivat«d  by  llieni  has  been  reduced  from  14,i>"i0  to  about  7,0iXl  acrm, 
and  even  this  redueed  area  is  imperfeetly  supplied. 

:i.  Tlie  valley  fill  i-s  saturiited  with  the  water  of  the  Gila  underflow 

4.  Near  Saea ton  and  atGilaCi-ossing  the  underground  w«t«rs  return 
to  the  surface,  to  some  extent  fonning  a  surface  flow. 

5.  IJoth  exiwriment  and  computation  based  on  conservative  assuini>- 
tiona  indicate  that  the  volume  of  water  in  the  Gila  underRow  is  prob- 
ably greater  tlian  the  estimated  needs  of  the  Indians. 

6.  A  comparatively  small  amount  of  the  underflow  returns  to  the 
surface  as  seepage  water  and  is  used  for  irrigation. 

7.  An  amount  of  underflow  sufficient  for  the  needs  of  the  Indians 
is  near  enough  the  surface  to  be  within  easy  pumping  distance. 

8.  The  chemical  character  of  the  waters  of  the  underflow  is  favor- 
able to  their  use  in  irrigation. 

9.  Pumping  plants  used  in  irrigation  near  Gila  Valley  prove  that 
water  can  be  pumped  rapidly  enough  and  at  a  cost  low  enough  i<i 
make  pumping  a  practicable  method  of  securing  water  for  irrigattii:i 
for  the  Indians,  provided  its  use  is  properly  directed. 

10.  The  Pima  and  Maricopa  Indians  are  peaceful,  honest,  Induslri- 
ons,  but  are  lacking  in  executive  ability. 

II.  They  are  easily  managed  and  are  prosiMjrous  when  wisely 
directed. 

V2.  Wlien  left  to  their  own  devices  they  do  not  properly  appreciiiti- 
or  utilize  their  advantages. 

13.  At  Gila  C'TOSsing  their  most  imperative  need  is  adequate 
supervision.  Their  need  elsewhere  is,  first,  a  water  supply;  second, 
supervision. 

14.  A  water  snpply  without  sui)ervision  would  be  uuwise. 

15.  jVs  a  general  conclusion,  it  is  the  writer's  judgment  that  water 
can  be  supplied  for  the  Indians  of  the  Gila  Valley  by  pumping  anil 
that  by  proper  supervi.sion  they  can  with  comparative  ease  be  ma<li' 
moderately  prosperous. 
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Department  of  the  Interior, 

United  States  Geological  Survey, 
Hydrographic  Branch, 
Washington^  D,  C,^  February  13^  lOOJ^. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  on  the 
water  powers  of  Texas,  by  Thomas  U.  Taylor,  for  publication   in 
the  series  of  Water-Supply  and  Irrigation  Papers.     With  the  manu- 
script are  also  transmitted  illustrations  and  photographs. 

The  paper  contains  a  r^sum^  of  such  data  regarding  water  powers 
in  the  State  of  Texas  as  are  at  present  available.  It  is  believed  to  be 
of  general  interest,  and  of  especial  importance  to  that  portion  of  the 
country. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  Stages  Geological  Survey. 


THE  WATER  POWERS  OF  TEXAS. 


By  Thomas  U.  Tayix)r. 


INTRODUCTION. 

Water  develops  energ^y  by  virtue  of  its  weight  and  the  amount  of 
its  vertical  fall.  The  amount  of  work  done  by  a  force  of  P  pounds 
acting  through  a  distance  of  h  feet  is  Ph  foot-pounds.  If  it  is  assumed 
that  the  weight  of  1  cubic  foot  of  water  is  02.5  pounds,  and  that  the 
flow  of  a  stream  is  Q  cubic  feet  per  second,  and  that  it  falls  an  effective 
vertical  distance  of  h  feet,  the  work  it  does  is  02.5  Qh  foot-pounds. 
In  defining  power  much  larger  units  than  the  foot-pound  are  used. 
The  unit  in  most  common  use  is  the  horsepower,  which  is  equal  to 
550  foot-pounds  per  second.  The  mill  power  is  variously  defined.  It 
is  expressed  by  a  certain  discharge  in  cubic  feet  per  secrond  (Q)  under 
a  head  h  feet.  Merriman  gives  at  Ijowell  Q=30,  h=25,  85.2  theoretic 
horsepower;  at  Minneapolis,  Q=30,  h=22,  75  theoretic  horsepower; 
at  Holyoke,  Q=38,  h=20. 

If  the  flow  in  cubic  feet  per  second  (Q)  and  the  fall  in  f(»et  (h)  are 
known,  the  work  (W)  that  can  l>e  done  per  second  hy  the  total  flow 
can  l>e  found  from  the  following: 

W  =  62.5  Qh  foot-pounds. 

To  reduce  this  to  hor.sei)ower  divide  by  550. 

IT  62.5  Qh      5Qh 

Horsepower  =  -  -  — -  =    ,,   ' 

5oO  44 

No  machine  can  develop  all  of  the  power  in  the  water  on  account  of 

frictional  resistances.     Machines  develop  only  a  certain  fraction  of  the 

theoretic  power,  called  the  eificiency  of  the  machine.     A  first-class 

turbine  can  develop  four-fifths,  or  80  per  cent,  of  the  theoretic  power. 

Then 

XT  5  Qh  ^  4      Qh  , . . 

Horsei3<)wer  =      7    X  -    =  -  >^.  .  (A) 

44         5       11 
Rule:  To  find  the  horsepower  that  can  be  developed  under  favonible 
conditions,  multiply  the  flow  in  cubic  feet  per  second  (Q)  by  the  effect- 
ive head  (h),  and  divide  the  result  by  11. 
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If  the  flow  ia  given  in  gallMis  pni-  niiniite,  which  is  often  Uie  vam, 
let  Q  =  gallons  per  minute.     As  ^tu-h  ^lloii  weighs  Si  pounds,  tbe 
work  in  foot-pounda  per  minute  will  be  given  by 
.    W  =  G  X  8i  X  h  foot-pounds. 


6000 
For  an  efficiency  of  three-fourths,  the  lust  formula  becomes 


(Bj 


H<,™epo»or  =  |A.  (0 

It  often  happens  that  for  easy  trau-smission  the  water  power  is  cun- 
verted  first  into  electric  energy  and  then  transmitted  to  the  loeali^ 
where  it  is  needed.  One  horsepower  is  equal  to  746  waUs,  the  unit  of 
work  in  electric  measurements. 

One  kilowatt  equals  7S7  foot-ponnds  per  second. 

One  kilowatt='=^  X  1  horsepow«r  =  |  horsepower,  nttarly. 

Substitnting  this  value  in  (A)  and  (11)  we  have 

Kilowatts  =  ^.  (0) 

For  an  efficiency  of  78  per  cent; 

Kilowatts  =  ^^.  (E) 

Water  power  is  most  economically  used  in  connection  wilh  an  auxil 
iary  steam  plant.  The  power  to  be  generated  by  water  should  be  fixed 
at  the  amount  tbe  ordinary  low  flow  will  produce,  and  a  stejim  piaul 
should  be  installed  for  use  when  the  flow  of  the  stream  sinks  below  thp 
ordinary  low  stage.  The  ordinary  low  flow  of  a  stream  may  be  loC 
second-feet,  which  should  be  tbe  basis  for  estimating  its  power  value, 
while  the  lowest  flow  in  extremely  dry  years  may  be  20  second-feet  or 
less.  The  value  of  a  farm  is  based  on  the  ordinary  eflSciency  in  pro- 
ducing crops,  not  upon  an  extreme  droufjht.  Steam  as  a  helper  to 
water  power  is  becoming  more  and  more  a  commercial  factor.  The 
most  important  fuels  used  in  Texas  on  a  large  scale  at  present  are  the 
lignites,  bituminous  coal,  and  oil.  Their  values  as  jrawer  generators 
should  be  known. 

The  cheapest  coal  fuel,  as  the  results  of  the  Rapid  Transit  Railway 
of  Austin  have  so  far  shown,  is  the  Rockdale  lignite,  the  cost  of  which 
is  about  48  per  cent  of  that  of  the  McAlester  coal.  The  cost  of  Beau- 
mont oil  is  about  60  per  cent  of  that  of  bituminous  coal  which 
would  produce  the  same  results.  The  most  elaborate  and  scientific 
experiments  to  determine  the  value  of  Beaumont  oil  us  a  fuel  were 
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made  by  Prof.  J.  E.  Denton,  of  Stevens  Institute  of  Technology. 
The  conclusions  reached  are  set  forth  as  follows:" 

Specific  gravity  [of  oil],  0.920. 

Flash  point,  142*»  F. 

Burning  point,  181  *»  F. 

Calorific  value  per  pound,  by  oxygen  calorimeter,  19,060  B.  T.  U. 

The  net  evaporation  ranged  from  14.74  to  15.16  pounds  of  water  per  pound  of  oil. 
*  *  *  Consequently,  for  the  two  higher  horsepowers  the  net  evaporation  of  14.8 
pounds  of  water  per  pound  of  oil  may  be  considered  to  represent  the  best  economy 
that  is  to  be  expected  from  the  use  of  oil  as  a  fuel  with  steam-jet  burners. 

The  combustion  of  the  oil  by  the  burner  was  practically  i)erfect.  The  lx)iler  utilized 
about  78  per  cent  of  the  heat  of  the  fuel,  which  represents  the  beat  average  boiler 
pracUce,  and  the  percentage  of  steam  consumed  by  the  burners  is  a  minimum  for 
steam-jet  burners. 

The  evaporation  from  and  at  212°  F.  per  pound  of  [buckwheat]  coal  [anthracite] 
was  9.17  and  8.94  pounds  of  water  for  93  and  1 19  horsepower.  The  coal  afforded  11.6 
per  cent  of  ash  and  14,680  B.  T.  U.  \}er  pound  of  combustible  when  burned  in  oxygen 
in  a  calorimeter. 

Ratio  of  oil  to  coal  =  i^  =  1.65. 

9.17 

Number  of  barrels  of  oil  equivalent  to  2,240  pounds  of  [anthracite]  coal,  4.23. 

For  producing  horsepower  upon  the  commonly  guaranteed  \mah  of  1  horsepower 
to  10  square  feet  of  heating  surface  and  with  an  average  percentage  of  moisture  and 
ash  in  the  coal: 

Evaporation  per  pound  of  wet  coal  from  and  at  212®,  8.75  pounds. 

Net  evaporation  per  pound  of  oil  from  and  at  212°,  14.8. 

Ratio  of  oil  to  coal  =  11^  =  1.69. 

8.75 

Number  of  barrels  of  oil  equivalent  to  2,240  pounds  of  coal,  4.12. 

In  comparison  with  the  bituminous  coals  mined  west  of  Ohio  and 
u.sed  in  southwestern  States  the  results  are  as  follows: 
Pounds  evaporation  per  pound  of  wet  coal,  7.5. 
Pounds  evaporation  per  pound  of  Beaumont  oil,  14.8. 

Ratio  ^  =  1.97. 
7.5 

Three  and  fifty-four  hundredths  barrels  of  oil  are  equivalent  to  2,240 
pounds  of  coal. 

The  McAlester  coal  used  in  Texas  is  about  equal  to  the  bituminous 
coal  referred  to  above.  The  Beaumont  oil  was  .sold  to  the  city  of 
Aastin  at  50  cents  per  barrel  delivered,  while  McAlester  coal  cost 
wholesale  about  $6  per  ton.  The  8^^  barrels  of  oil  were  obtained  for 
$1.75,  against  $5  for  an  equivalent  amount  of  coal. 

The  Texas  streams  will  te  considered  in  order  from  west  to  east.  In 
addition   to  the  main  streams  west  of  Colorado  River  there  are  at 
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least  twenty  streams  which  rise  in  springs  and  which  constitute  oneof 
the  most  potential  factors  in  the  water  supply  and  power.  These 
springs  0(H?ur  for  the  most  part  in  the  Edwards  Plateau,  the  most 
notable  exceptions  being  those  at  Fort  Stockton,  Santa  Lucia,  and  at 
the  head  of  Toyah  Creek  in  trans-Pecos  Texas. 

The  water-power  development  in  many  localities  is  as  yet  in  a  very 
crude  state,  but  there  are  many  plants  that  have  been  built  upon 
scientific  principles  where  modern  machinery  is  used  and  where  a  con- 
sequent high  efficiency  is  obtained.  A  large  percentage  of  the  plants 
in  existence  at  present  are  confined  to  the  Guadalupe,  the  Colorado, 
and  the  Brazos  and  their  tributaries.'  Guadalupe  Siver  easily  takes 
rank  as  the  most  effective  power-generating  stream  in  the  State.  On 
the  Neches  and  Sabine  and  their  tributaries  are  more  power  plant) 
than  on  the  rivers  farther  west,  but  these  plants  genendly  consist  of 
small  mills  of  6  to  30  horsepower  which  are  used  for  ginning  cotton, 
sawing  lumber,  or  grinding  corn.  In  eastern  Texas  the  country  is 
heavily  wooded,  and  is  traversed  by  many  small  streams  which  are 
for  the  most  part  tributaries  of  the  Sabine  or  Neches  and  which  are 
not  subject  to  sudden  fluctuations  in  height.  The  water  is  held  back 
by  the  coating  of  leaves  and  flows  off  gradually;  as  a  consequence 
there  is  little  occaj^ion  for  shutting  down  on  account  of  low  wat^r. 
In  western  Texas  the  power  plants  are  larger,  but  the  streams  are  sub- 
ject to  sudden  rises  and  falls.  This  is  especially  chanicteristic  of  tho 
streams  that  flow  through  the  mountains  of  Edwards  Plateau,  such  ib 
the  Colorado,  the  Guadalupe,  and  the  Nueces. 


RIO  GUANDK. 


The  International  (Water)  Boundary  Commission  established  gaging 
stations  at  different  points  along  the  Rio  Grande  in  May,  1900.  The 
result*)  of  these  measurements  are  ji^ven  below.  As  the  data  for  the 
year  19(M)  an»  incomplete  they  are  omitted. 


D'Mchargt'y  in  seamd-fcrtf  of  Rio  Grande. 
AT  FORT  HANCOCK. 


Ynir. 


Miixinniii).     Minimum. 


11H)1 


2,710 


0 


M<^n. 


'M\\ 


ABOVK  PRKSIIHO. 


1902. 
MK)8. 


1 , 7S0  ! 
(),  (KM) 


24S 
532 


0 


'  Jl 
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Digcharge,  in  second-feetf  of  Rio  Grande — Continued. 

BELOW  MOUTH  OF  CONCHOS.  NEAR  PRESIDIO. 


Year. 


1901 

1902 

1903 

AT  LANGTRY. 

1901 '. 

1902 

1903 

NEAR  DEVILS  RIVER 

1901 

1902 

1903 

AT  EAGLE  PASS. 

1901 

1902 * 

1903 


Maximum. 

Minimum. 

Mean.- 

5,690 

45,000 

8,960 

20 

10 

105 

778 
2,109 
1,441 

14,700 

370 

38,  200 

285 

18,000 

530 

34,  280 
a5, 500 
28,180 


1,620 
1,240 

i,3:«) 


1,338 
2, 449 
1,8:^ 


3,008 
3,  745 
3, 155 


21,460 
32,000 
47,400 


1,600 
1,260 
1,640 


3,176 

3,  asi 

4,010 


TRAXS-l'ECOS  8TIIKAM8. 
TOYAH  CREEK. 

Toyah  Creek  rises  in  springs  about  40  miles  southwest  of  Pecos. 
These  springs  are  mainly  in  section  256,  patented  by  the  State  of 
Texas  to  Antonio  Ball.  They  are  in  a  flat  valley  hemmed  in  b}'^  a 
horseshoe  curve  of  the  Davis  Mountains.  About  3  miles  to  the  north- 
west is  Phantom  I^ake.  The  largest  of  the  Toyah  springs  is  oval 
shaped,  about  100  feet  long  by  (U)  feet  broad.  Its  water  level  is 
influenced  by  the  weeds  and  long  gnuss  which  grow  in  it  and  by  the 
atmosphere.  As  measured  on  Septem>>er  5, 11)00,  the  entire  discharge 
was  46  second- feet.  A  large  percentage  of  the  water  is  deflected  into 
the  ditch  of  the  Toyah  Creek  Irrigation  Company.  The  flow  of  the 
spring  is  equal  to  aljout  8  heads — a  head  being  defined  as  the  amount 
of  water  flowing  through  an  oi)ening  I  foot  s<juare,  the  up|H»r  edge  of 
which  is  4  inches  below  the  water  surface.  There  is  u  tmdition  that 
the  flow  once  amounted  to  12  heads,  ])ut  this  is  doubted.  The  springs 
are  about  an  eighth  of  a  mile  east  of  the  yost-offiic:.^  >a.t  T^^iaii. 
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India  (Brogado  post-offioe)  is  about  4  miles  below  tiba  sprit^tSy  and 
Sarai^ossa  is  9  miles  below  the  head  spring.  Both  of  these  f^aooi 
are  on  the  right  bank  of  the  creek.  The  total  discharge  of  the  miiaj 
spring,  as  measured  on  July  21, 1904,  was  46  second-fe^  About  100 
yards  north  of  the  main  spring  (sometimes  known  as  St.  Solomons) 
there  are  two  other  springs,  situated  on  the  premises  of  G.  W*  Qiiffitii; 
their  joint  flow  is  8  second-feet. 

For  several  miles  the  creek  skirts  the  foothills  of  the  Davk  Hona' 
tains,  and,  in  addition  to  the  well-known  springs  mentioned,  it  is  M 
by  small  invisible  springs  and  by  seepage.  It  empties  into  Tojdk 
Lake,  a  large  flat  depression  charged  with  alkali,  about  85  miles  from 
Toyah  and  about  13  miles  south  of  Pecos. 

Toyah  Lake  covers  about  1,900  acres  at  low  stages,  the  water 
varying  in  depth  to  about  6  feet  in  the  deepest  part  On  the  weit| 
south,  and  east  the  v^;etation  grows  close  down  to  the  water's  edge, 
while  on  the  north  a  sandy  beach  stretches  between  the  water  and 
the  bluffs.  The  water  of  the  lake  is  salty  and  contains  sufficient  alkaB 
to  be  decidedly  bitter  to  the  taste.  In  hot  summer  days  when  die 
wind  is  brisk  evaporation  so  affects  the  temperature  of  the  lake  that 
a  bath  of  long  duration  becomes  rather  uncomfortable. 

About  one-eighth  mile  below  the  head  spring  the  cotton  gin  of  G.  W. 
Donaldson  is  located,  on  a  mill  race  that  leads  the  water  from  the  main 
spring  to  the  gin,  where  the  power  is  developed  by  a  20-inch  Leffel 
turbine  under  a  10-foot  head.  The  plant  consists  of  an  80-8aw  gin. 
During  the  winter,  spring,  and  summer  the.  water  is  deflected  from 
the  race  into  Toyah  Creek  proper. 

A  half-mile  above  Saragossa,  on  the  main  Saragossa  ditch,  is  the 
Clements  grain  and  flour  mill,  a  building  constructed  of  adobe  and 
timber,  where  there  is  a  fall  of  12  feet.  Fifteen  horsepower  is  devel- 
oped by  a  35-inch  Leffel  turbine.  The  mill  was  rebuilt  in  1893  and 
now  grinds  both  corn  and  wheat.  The  flow  of  the  ditch  is  usually 
about  35  second-feet,  only  25  of  which  is  utilized  for  power  purposes. 

HACKBERRY  SPRINGS. 

About  two  miles  northwest  of  Toyah  Lake  a  series  of  springs 
occur  on  the  prairie  in  a  tule  flat  which  extends  in  rather  irregular 
lines  southeast  from  the  head  springs.  Maj.  T.  H.  Bomar  has  found 
that  the  water  level  of  the  upper  springs  is  27  feet  above  the  low 
level  of  Toyah  Lake  and  is  at  exactly  the  same  elevation  as  the  top 
of  the  rail  of  the  Texas  and  Pacific  Railroad  at  Pecos,  which  is  2,581 
feet  above  mean  low  tide.  The  largest  of  these  springs,  at  the  north- 
west end  of  the  tule  flat,  consists  of  a  large  trumpet-like  hole  some 
20  feet  in  diameter.  The  water  has  a  strong  sulphur  taste,  but  is 
excellent  for  stock.  When  visited  in  July,  1904,  the  flow  through  a 
ditch  some  6  feet  wide  which  had  been  excavated  to  drain  the  upper 
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springs  was  2.2  second-feet.  These  springs  are  natural  artesian  wells 
and  the  water  is  of  the  same  nature  as  that  of  an  artesian  well  between 
Toyah  Lake  and  the  springs. 

COMANCHE  CREEK. 

Comanche  Creek  rises  at  Fort  Stockton  and  has  long  been  important 
as  an  irrigating  stream.  In  appearance,  character,  and  almost  constant 
flow  it  resembles  the  big  springs  that  form  the  San  Marcos,  San  Felipe, 
and  Comal.  Its  flow  in  1899  was  found  to  be  6^  second-feet.  The 
stream  feeds  four  irrigation  ditches,  upon  one  of  which  (the  Rooney) 
is  located  a  water-power  gin  of  70  saws.  The  fall  is  10  feet,  and  the 
power  is  generated  by  a  24-inch  turbine.  It  is  estimated  that  10  horse- 
power is  developed.  The  flow  of  the  creek  one-half  mile  below  the 
court-house,  as  measured  on  July  26,  1904,  was  64  second-feet. 

Near  Barstow  there^are  two  water-power  plants  on  the  irrigating 
ditches  of  .the  Barstow  Irrigation  Company.  These  are  used  to  operate 
the  gins  of  Briggs  &  Dyer  and  George  E.  Briggs.  The  former  is  on 
lateral  No.  1  and  has  a  head  of  6.24  feet.  The  energy  is  developed  by 
a  36-inch  Leffel  turbine,  and  30  horsepower  is  easily  developed  by  the 
flow  of  water  in  the  lateral.  This,  as  measured  in  January,  1902,  was 
54  second- feet.  The  Briggs  gin  is  on  lateral  No.  3  and  has  a  head  of 
7.5  feet  on  the  86-inch  Leffel  turbine,  and  26  horsepower  can  be  devel- 
oped by  the  ordinary  flow  of  40  second-feet. 

SANTA  ROSA  SPRING. 

Near  the  post-office  of  Santa  Lucia,  in  Pecos  County,  the  Santa 
Rosa  Spring  rises  out  of  the  mesquite  prairie  in  a  bold,  almost  con- 
stant, stream  of  4  second-feet  capacit3\  Its  waters  are  utilized  in  the 
irrigation  of  the  farms  of  Levi  Scott  and  Thomas  L.  Ray,  the  post- 
oflice  at  Santa  Lucia  being  located  on  the  Ray  farm. 

PECOS  RIVER. 

Pecos  River  rises  in  the  mountains  of  New  Mexico  and  flows  in  a 
general  southerly  course  through  southeastern  New  Mexico  and  west- 
em  Texas.  Before  its  waters  were  controlled  or  arrested  by  dams  in 
New  Mexico,  at  Roswell  and  Carlsbad,  it  hiul  the  most  constant  flow 
of  all  the  rivers  in  Texas.  At  present  the  ordinary  flow  of  the  river 
can  be  diverted  into  Lake  Avalon  at  Carlsbad,  N.  Mex.  The  flow"  in 
the  Texas  portion  must  be  accumulated  from  springs  and  seepage  from 
the  irrigated  farms  below  Carlsbad.  The  first  dam  in  Texas  across  the 
Pecos  is  located  9  miles  above  the  town  of  Pecos  and  80  miles  below 
the  dam  at  Lake  Avalon.  The  dam  at  this  point  belongs  to  the  Barstow 
Irrigation  Company  and  serves  to  deflect  the  water  into  the  canals.  The 
United  States  Geological  Survey  has  maintjiined  a  gJiging  station  at  the 
flume  since  September,  1898.    The  flume  is  3  miles  below  the  dam  and 
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6  miles  above  Pe(»iN.  The  minimum  flow  of  the  river  at  the  flume  is  30 
Becond-fect.  Meai«urementti  takeo  on  three  days  in  April,  1900,  gave 
the  following  renults: 

DiKharge,  in'tei-owl-ferl,  of  Peco»  River  andfiume  <if  Baxthiir  Irrigation  Oompanfi  in  iW. 


Fecot)  River 

Flumfl 

West  Valley  aiU-li 

Total 


April  32.     April  as.  I  April  90. 


It  will  be  noted  that  the  lowest  flow  of  the  Pecos  yet  recorded  at 
Pecos  is  K  second-feet.  PI.  11  .show.'<  the  tlums  at  the  gating  station 
at  Pecos,  Tex.  Figs.  1,  '2,  ;i,  4,  and  5  show  the  flow  of  the  Pecos  u 
Peco.'f,  below  the  flume,  for  the  years  1899,  1900, 1901, 1902^  and  1W}3. 
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leiiieiilsevi'i'  rei-ordi'd  of  the  river  Im'Uw 
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iiuf  ("rent  Kiills  tliere  are  no  tribufcirv 
IS  si-cond-fei-t  would  l)e  of  little  value  for 


water  power  or  iiTijrjitiiiti  purposes.     There  lire  two  other  dams  aeross 
the  Pecos  in  the  \icinity  of  the  Great  Falls.     Tliese  belon{f  to  the  Pecos 
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iTigation  Company  and  the  Grand  FalU  Irrigation  Company,  whose 
itches  are  on  the  west  and  east  sideti  of  the  river,  respectively.    The 
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Barstow,  Tex.     In  fact,  the  Pccoa  Irrigation  Company  has  done  very 
little  work  for  years. 
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Tlici-i'  formerly  fxistinl  ii  wiitt'i-powiT  plant    on  Pecos  River  near 
tbc  post-offico  of  (Ivaml  FaIU,  hut  it  hus  l>cen  transferred  to  one 
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lies  of  the  Grand  Falls  Irrigation  and  Power  Company.  At 
s  plant  consists  of  a  48-inch  turbine  working  under  a  head 
and  operating  an  80-saw  cotton  gin.'' 

e  Texas  State  line  to  a  point  near  old  Fort  Lancaster,  in 
!ounty,  the  river  flows  through  a  rich  alluvial  soil.  It  is 
inuous  river  in  Texas.  Above  Pecos  there  is  hardly  a  mile 
le  river  does  not  flow  in  all  directions, 
rt  Lancaster  it  enters  the  canyon,  which  gradually  deepens 
ver  reaches  the  Rio  Grande.  The  only  use  of  the  water  so  far 
)r  stock.  At  Moorhead,  Tex.,  at  the  crossing  of  the  South- 
5  Railroad,  the  low- water  level  is  321  feet  below  the  top  of 
1  the  bridge.  The  flow  of  the  river  at  this  place  was  meas- 
.  D.  Dillard  during  1900  for  the  Boundary  Commission. 
I;  also  appendix,  p.  107.) 

DUtcharge,  in  second-feet,  of  Pecos  River  at  Moorhead, 


Year. 


Maximum. 

9,200 

11,100 

2,140 


Minimum. 

160 
210 
170 


Mean. 


630 

578 
408 


I 


Discharge,  in  second-feet,  of  Pecos  River  at  Pecos. 


Year. 


Maximum. 

Minimum. 

Mean. 

1,040 

15 

90 

2,680 

20 

340 

840 

16 

440 

4,400 

15 

204 

2,640 

S 

191 

i>?:virjs  RivEK. 

liver  is  an  illustration  of  the  etfect  of  the  lar^e  springs  of 
rds  Plateau.  The  river  rises  in  Pecan  Spring,  about  45 
h  of  the  mouth  and  about  60  miles  from  Del  Rio.  This 
•n  the  old  mail  route  from  San  Antonio  to  El  Paso,  which 
le  course  of  the  springs  on  the  southern  edge  of  the  plateau, 
is  only  about  50  miles  long,  and  yet,  of  all  the  rivers  of 
las  the  largest  mininmm  flow.  This,  as  determined  by  semi- 
jasurements,  1900  to  1903,  is  slightly  over  380  second-feet. 

bo ve  was  written  the  Dixie  Irri^tion  Company  has  built  a  dam  acnisa  the  Pccoe20 
le  town  of  that  name,  and  has  defli'cted  the  waters  of  the  river  into  a  canal  bailt  on 
on  the  location  of  the  old  Highland  canal. 
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Discharge^  in  fiecond-fetif  of  Demh  River  at  Denh  Rit^er  Matiott. 

■ 

Year. 

1901 : : 

1902 

1903 


..     

Maximum. 

i 

Minimum. 

Meiui. 

1 

...1             840 

480 
380 
380 

62: 

5,  ittU) 

4'>'i 

10,400 

5s7 

1          ' 

The  flow  of  this  river  could  readily  be  utilized  in  irrigating  va>t 
tracts  of  land  east  of  Del  Rio.  It  would  he  necessary  to  construct  u 
dam  ac^ross  the  river  above  the  railroad  bridge  and  convey  the  water 
from  the  lake  thus  formed  to  the  irrigated  lands  b}-  pipe  lini»s  tu 
prevent  seepage.  The  w^ater  is  clear  as  crystal  and  forms  a  stronjr 
contrast  to  the  turbid  water  of  the  Rio  Orande. 

Pecos  and  Devils  rivers  unite  with  the  Rio  Cirande  within  25  mile> 
of  each  other,  and  their  waters  serve  to  make  the  flow  of  the  Kio 
Grande  below  Del  Rio  more  constant  and  commerciallv  valuable. 
The  lowest  flow  at  Eagle  Pass  during  \Wi  was  found  to  !)e  1,S«»" 
second-feet.  Half  of  this  amount  would  irrigate  for  ordinary  crops 
2(K),000  acres  of  land,  and  for  rice  in  the  lower  and  flatter  country 
near  Brownsville  it  would  readilv  be  sufficient  for  half  of  the  whoI«' 
rice  crop  of  Texas  for  1901. 

SAN  FKI.IPK  (  UKEK. 

San  Felipe  Creek,  which  skirts  the  extreine  ejistern  limits  of  \M 
Rio,  rises  from  large  springs  a  litth^  over  a  mile  southeast  of  the  town. 
The  flow  of  these  springs  is  utilized  in  th(^  magniticent  irrigation  system 
between  the  town  and  the  Rio  (inuule  and  for  one  ])ower  plant.  Tin 
total  flow  of  the  strc^am  was  as  follows:  In  lsi)5,  iM)  second-feet ;  in  Issi*, 
IJH  second-f(»et:  in  VM)iK  I4t)  se('()nd-fe(^t:  in  li^ol,  1.50  second-feet:  in 
liMl2,  11 T)  second-feet;  and  in  March,  1*.M)4,  I  IS  second- feet.  There  i> 
installed  on  San  Felipe  Creek  an  electric-light  and  ice  plant,  the  ixnvcr 
for  w^hich  is  obtiiincd  solclv  from  tln^  llow  of  the  creek.  The  (lain 
(PI.  IV)  is  constructtMl  of  rubble  liujcstone  masonry,  is  somewhat  ovrr 
loo  f(vt  U»ng,  about  lo  feet  high,  and  is  built  with  a  portion  straight 
across  the  stn^im  and  the  remainder  curving:  downstream,  thus  form 
ing  the  race  l)etween  the  portion  of  the  dam  ni^xt  tlu»  power  Iioum' 
and  tin*  l)ank  of  tin*  strcjun  itself.  The  cross  section  is  approximately 
trape/oidal  in  shape,  measuring  .*5  feet  on  top,  about  10  feet  at  tlu' 
base,  and  a\  eraiiint^  1-  f<*et  in  h(My:ht.  It  is  built  on  solid  limestone. 
The  head  obtained  by  this  dam  is  i)racticallv  constant  and  amounts  to 
Jo  feet.  The  machin(»ry  consists  of  a  Warren  .*^0-kilowatt  alternating' 
dvnamo  and  a  ^)-{im  ice  machine,  which  an*  run  by  44-inch  I^ettel  tur- 
bines,  the  one  operating  the  ice  machine  giving  20  horse^iower  with 
the  giitA}  partly  open,  and  the  one  operating  the  dynamo  giving  80 
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horsepower  with  a  full  gate  opening.  The  turbine  that  operates  the 
ice  machine  runs  only  fourteen  hours  a  day  in  the  summer  only,  and 
the  electric-light  turbine  fourteen  hours  per  day  the  year  round.  A 
SO-horsepower  emergency  engine  is  also  installed  in  the  power  house, 
but  hns  never  been  used. 

I/AS  MORAS  CREEK. 

Las  Moras  Creek  rises  in  a  large  spring  in  the  town  of  Brackett, 
Kinney  County,  and  empties  into  the  Rio  Grande  about  25  miles  above 
li^gle  Pass.  It  has  had  a  variable  flow  since  measurements  have  been 
made.  In  December,  1895,  C.  C.  Babb  found  a  discharge  of  21  second- 
feet.  The  flow  in  June,  1899,  was  60  second-feet  at  Mulligans  Bend, 
one-fourth  mile  below  the  court-house;  in  September,  1900,  the  dis- 
charge was  51  second-feet;  in  September,  1902,  two  carefully  checked 
measurements  gave  a  discharge  of  11  second-feet,  and  on  March  14, 
1904,  the  discharge  was  28  second-feet. 

On  June  14, 1898,  occurred  the  biggest  flood  in  the  histor\'  of  Kinney 
County.  This  flood  extended  over  the  country  between  SpoflFord  and 
Del  Rio.  Las  Moras  Mountains,  a!)out  4  riiiles  a  little  east  of  north 
from  Brackett,  form  a  crescent  in  which  Brackett  and  Fort  Clark 
(separated  from  the  former  by  Las  Moras  Creek)  are  situated,  and  all 
the  depressions  and  dry  streams  from  the  mountains  converge  toward 
Brackett.  From  11.30  p.  m.  on  June  13, 1899,  to  alx)ut  6  a.  m.  on  June 
14  there  was  a  total  rainfall  of  18  inches  in  the  neighborhood.  By  5 
a.  m.  of  the  14th  the  water  had  reached  a  depth  of  7.4  feet  in  the  court- 
house, 6.7  feet  in  the  storehouse  of  Roach  &  Co.,  9.6  feet  in  the  Ter- 
rell Hotel,  and  12.1  feet  in  the  street  in  front  of  the  hotel.  The  main 
channel  of  Las  Moras  Creek  between  Brackett  and  Fort  Clark  was 
at  flood  height,  while  the  draw  that  runs  into  it  at  Mulligans  Bend 
was  flooded  to  a  depth  of  30  feet.  The  lowland  between  Brackett  and 
Spofford  Junction  was  flooded  for  miles,  and  the  tracks  and  roadl)ed 
of  the  Southern  Pacific  Rjiilroad  were  badly  damaged. 

In  March,  1900,  another  flood  occurred  at  Brackett,  but  the  damage 

was  slight,  the  water  being  9.5  feet  lower  than  during  the  flood  of 

1899.     Former  floods  occurred  on  May  28,  1S80,  and  in  October,  I88I. 

During  the  1880  flood  the  water  flooded  the  stores  in  Brackett  and 

caused  great  damage.     In  October,  1881,  the  rainfall  that  caused  the 

flood  was  14.2  inches. 

NU1CCK8  RI\T5R. 

The  two  main  forks  of  Nueces  River  rise  in  Edwards  County,  Tex., 
and  flow  south  through  the  rugged  mountains  of  the  Edwards  Plateau, 
uniting  14  miles  above  Uvalde  and  about  6  miles  above  the  crossing  of 
the  Southern  Pacific  Railroad.  On  their  way  through  the  mountains 
both  branches  are  fed  by  springs,  and  from  a  point  12  miles  south  of 
Kock  Springs  to  their  junction  there  is  a  constant  flow.     Near  the 
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jtmctioii  of  tile  two  forks  the  usual  flow  sinks  into  tihe  gnvdl  \tii^\ 
oocasionally  reappearing  in  big  clear  pools  at  points  in^ieie  Ike  gmi\ 
htis  been  washed  off  the  hard  limestone  bed-rock  bottooL  Four  or  S^ 
miles  bek>w  the  railroad  bridge  flowing  water  again  appears,  as  ^iaiff 
its  lowland  course  the  stream  is  fed  by  nameroiu»  sfHringSi,  Tk 
water  of  the  Nueces  is  used  in  the  mountains  for  irr^ation.  Hr 
^}fiirm  of  J.  H.  Ethridge,  Montell,  Uvalde  County,  is  a  t3rpe  of  irrifMiei 
farms.  The  ditch  is  known  as  the  Ossa  Kanea  inr^jatlQii  and  w& 
ditch  and  was  constructed  in  1898.  It  is  2i  miles  long  and  from  2  to 
1  feet  deep. 

XiBOKA  BITEB. 

The  flow  of  Leona  River  at  Uvalde  was  so  irregular  for  Seven! 
years  that  close  observations  have  been  kept  upon  it.  Leona  i^aring 
is  situated  in  the  suburbs  of  Uvalde.  It  was  dry  in  1886,  but  soon 
after  revived  and  continued  to  flow  till  1898,  when  it  ceased  to  flow 
and  has  remained  dry  since.  In  1898  a  pumidng  station  for  the  dtj 
water  supply  was  located  on  the  banks  of  the  Leona  near  the  spriiif, 
but  it  soon  became  necessary  to  rely  on  well  water,  and  the  plant  wii 
moved  to  its  present  site,  150  yards  from  die  couHrbouae.  At  tlui 
lertation  a  pit  was  excavated  to  a  depth*  of  24  feet,  and  tiie  pumps  wen 
placed  at  the  bottom,  and  a  well  4  by  7  feet  was  sunk  16  feet  deep 
from  the  bottom  of  the  pit,  or  to  a  depth  of  40  feet  from  the  surface. 
From  this  well  water  was  pumped  into  the  standpipe.  At  first  the 
water  rose  to  within  35  feet  of  the  surface,  but  in  December,  1897,  it 
was  noticed  that  the  supply  was  failing.  The  water  level  continuing  to 
sink,  in  May,  1898,  a  second  pit,  10  b}^  10  by  9  feet  deep,  was  excavated  in 
the  main  pit,  and  a  well  was  bored  to  a  depth  of  63  feet  below  the  sur- 
face. The  pumps  were  then  placed  in  this  last  pit,  at  a  depth  of  33 
feet  from  the  surface.  In  January,  1899,  the  water  level  had  fallen  so 
low  that  three  wells  were  bored  in  the  pit  to  a  depth  of  98  feet  below 
the  ground  surface.  In  Jime,  1899,  after  the  heavy  rains  over  south- 
west Texas,  which  resulted  in  the  Brackett  flood,  the  water  was  stand- 
ing at  the  93-foot  level  and  was  slowly  rising.  In  June,  19(X),  the 
water  level  had  risen  to  within  35  feet  of  the  surface,  or  within  2  feet 
of  the  pumps,  and  it  was  standing  at  this  level  on  March  15,  19()4. 
Between  Leona  Spring  and  the  brickyard  crossing  on  the  road  from 
Uvalde  to  Pearsall  there  are  several  small  springs,  the  largest  of  which 
is  Mulberry  Spring.  In  1895  C.  C.  Babb  found  a  discharge  of  11 
second-feet  at  the  brickyard  crossing.  In  June,  1899,  there  was  no 
flow  at  this  crossing,  and  in  September,  1900,  there  was  a  discharge  of 
5  second-feet,  and  on  March  15,  1904,  22  second-feet. 

Near  Cotulla  the  waters  of  the  Nueces  are  used  largely  for  the 
numerous  irrigation  plants.  The  water  is  pumped  from  the  river  by 
gasoline  engines  under  a  head  of  about  30  feet  and  is  used  largely  in 


TATLO«.]  SAK  ANTONIO   RIVER.  23 

the  irrigation  of  Bermuda  onions.     A  full  dencription  of  these  irriga- 
tion plants  will  be  found  in  Water-Supply  Paper  No.  71. 
PL  I,  B  (p.  12),  is  a  view  of  Nueces  River  west  of  CotuUa. 

HOG  CREEK. 

The  water  of  Hog  Creek,  Uvalde  County,  is  used  to  run  the  corn 
mill  of  J.  J.  Wyatt.  A  dirt  dam  30  feet  long  deflects  the  water  into 
the  race,  which  conveys  it  to  the  penstocks,  1  foot  square  and  20  feet 
high.     An  undershot  wheel  6  feet  in  diameter  genenites  4  horsepower. 

SAN  ANIONIC  KIVKU. 

San  Antonio  River  rises  about  3  miles  north  of  the  mission  of  San 
Fernando,  which  is  the  geographic  center  of  the  city.  To  better 
control  and  utilize  the  water  of  the  San  Antonio,  two  canals,  an  upper 
and  a  lower,  were  constructed  in  1878  and  1881.  A  power  house  was 
built  on  each  canal,  called,  respectively,  the  upper  and  the  lower 
power  house.  The  fall  at  the  upper  power  house  is  about  7  feet,  and 
that  at  the  lower  12,  while  that  at  Guenther's  upper  and  lower  mills  is 
3i  feet  and  6  feet,  respectively. 

San  Antonio  River  became  so  low  in  1896  that  the  water  power  was 
abandoned.  Previous  to  this,  in  1895,  an  auxiliary  steam  plant  of  130 
horsepower  was  installed  at  the  lower  power  house.  The  water  at 
these  power  stations  was  pumped  from  artesian  wells — one  12jinch 
well  Ijeing  located  at  the  upper  station  and  one  12-inch  and  three 
8-inch  wells  being  lo(*ated  at  the  lower  power  house.  In  1891  a  steam 
and  electric  power  plant  was  (ronstru(;ted  on  the  banks  of  the  river 
near  Commerce  street,  at  which  there  are  four  8-inch  and  four  12-inch 
wells.  An  indication  of  the  stage  of  the  underground  water  can  be 
obtained  from  the  water  level  in  the  standpipes  at  the  waterworks  on 
Commerce  street  and  at  the  lower  power  house.  The  artesian  wells  at 
these  works  are  connected  to  standpipes  about  50  feet  high.  The  fol- 
lowing table  shows  the  heights  to  which  the  water  rose: 
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I'lii*  Sail   IVdro  is  u  small  stu^ain,  of  alxnit  9  sccond-fect  capacity. 

that  risos  in  San  Prdro  Park  and  flows  into  Sin  Antonio  River  within 

the  city  limits.     About    lsj»;»   San  Antonio   Kivor  In^gan  to  fail,  an'l 

1)V  \\w  IjitttT  i)ai't  of   l.'^J'T  tiir  Mow  al>ov('  the  citv  had  entirely  eeasfil. 
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Thrrr  air  I'nur  |k»w«'I'  |)lant'-  on  San  .\ntoni<»  River  within  the  city 
limits:  (1)  The  uppii*  powrr  hoiiM'.  t'tMl  hy  upper  canal,  wht^re  tln' head 
is  7  I'eet:  (2)  the  lowi-r  |)n\\(M-  house.  t'r(l  also  hy  a  rjinal,  when*  the  full 
i-i  12  feet;  (.))  ( iuenther*^  u|>])er  mill,  when*  tin*  fall  is  15^  ftvt,  and 
(4)  (iuenther's  lower  mill,  wheir  the  fjill  is  (i  f(M»t.  PI.  V  t»"ives  a  view 
of  the  dam  in  tin'  park  at  San  .Vntonio.  'I'he  tall  from  the  upper  power 
bour-i'  to  the  lower  (iueulher's  mill  is  11.7  feet,  aeeordinjr  to  a  i?urvey 
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lade  some  years  ago.  Fig.  6  i»  a  map  of  Sun  Antonio  River,  shov- 
ng  fall.  The  upper  power  house  iu  not  uHcd  on  actwunt  of  lack  of 
nter.  Itti  equipment  con- 
OHted  of  two  Risdon  tur- 
bineii,  43  and  60  inches  in 
diameter,  with  vents  of  220 

Ed  Jr25  square  inches.  The 
wcr  power  house  baH  one 
ercules  33-inch  double- 
opacity  turbine  and  one 
^-  inch  i^ingle  -  capacity 
Sisdon  turbine.  At  pres- 
ent the  water  is  held  back 
h  the  big  canal  abore  the 
ower  power  house  for 
tf  elve  hours  and  then  used 
Or  twelve  hours  through 
he  wheel  with  gate  one 
bird  open.  That  there  is 
xi  intimate  connection  l>e- 
«ei>n  the  artesian  wellsand 
be  river  has  been  conclu- 

ively  proved.  A  few  years 
Lgo  a  series  of  stakes  wore 
Iriven  in  the  still  waters  of 
■he  head  lake  and  the  height 
>f  the  water  marked  there- 
iit.  The  artesian  wells 
were  then  all  turned  on 
and  let  run  for  twenty-four 
hours.  The  level  of  the 
vater  in  the  head  lake  or 
pond  of  the  river  had  fallen 
SI  inches.     The  wells  were 

then  checked  and  in  alniut 

one  day  the  water  in  the 

head  lake  was  at  its  former 

level.    Then,  again,  the  iir- 

teiian  wells  were  by  survey 

nnnccted   in  a  system  of 

•erels.    An  excavation  was 

>iuule  on  the  land  of  the 

"bserver  below  the  water 

line.       It    was    possible    by  F'<'.'''-M«P<.t>=».,  Ar.<™i,.K1vvrm*rS«..  A>....nlo. 

observing  the  height  of  water  in  this  hole  to  obtain  the  height  of  water 
^  any  arte«Ao  weil  in  the  city. 
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MEDINA  RIVER. 

Medina  River  rises   in  th#  southern  part  of  Kerr  County,  flowJ 
southeast  through  the  towns  of  Medina  and  Bandera,  in  the  eastern  partj- 
of  Bandera  County,  thence  south  by  the  town  of  Castroville,  Medii 
County,  thence  southeast  through  Bexar  County  to  its  junction  with  Sj 
Antonio  River  at  a  point  1<)  miles  south  of  San  Antonio.     The  rive 
has  a  small  reliable  flow  in  the  mountains  in  Bandem  County,  butii 
the  counties  of  Medina  and  Bexar  it  often  ceases  to  flow. 

At  Castroville  Joseph  Counuid  has   erectt^d  a  stone  dam   aci 
Medina  River.     The  dam  is  250  feet  long,  8  feet  high,  with  an  effc 
ive  fall  of  8  feet.     The  power  generated  by  a  35-inch  Leflfel  turbine  i^ 
used  to  opemte  a  gin  and  mill.     The  Medina  often  stops  flowingdurii 
the  dry  seasons,  and  an   auxiliary  steam  plant  is  used  during  peric 
of  no  flow. 

GUADAl^UPE  RIVER. 

Guadalupe  River  rises  in  the  south-central  part  of  the  State,  flo 
southeast,  and  empties  into  San  Antonio  Bay.  It  is  the  best  pow 
stream  in  Texas,  although  its  drainage  area  above  Cuero  is  only  5,l(i 
square  miles.  Its  efficiency  is  due  almost  entirely  to  the  Comal,  whi 
flows  into  it  at  New  Braunfels,  and  which  has  a  minimum  flow  of  3 
second-foet. 

First-class  niodorn  power  plants  are  located  on  Guadalupe  Rivorat] 
Seguin  and  Cuero,  the  latter  heinjjf  somewhat  similar  in  constructioDl 
to  the  Clemens  dam  on  Comal  River.  These  dams  have  successfully 
withstood  tlu>  Hoods  of  tlu*  Guadalupe  for  several  years.  At  No« 
Braunfels  a  dam  with  a  fall  of  II  or  12  feet  could  be  located  l>elu* 
the  International  and  (ireat  Noithern  Railroad  bridge  that  would 
easily  generate  »i4o  horsepower  at  minimum  and  450  horsepower  at 
ordinary  stages.  Tin*  fall  of  the  Comal  is  so  slight  below  the  hi^rl 
way  bridge  (north  of  the  court-house)  that  a  dam  below  its  mouthi 
should  not  l)ack  water  above  that  ])oint. 

At  Klein  Falls,  on  the  (hiadalupe,  2  miles  below  the  International 
and  (ireat  Northern  Railroad  bridge,  there  is  an  excellent  site,  with  a 
good  rock  foundation,  for  a  dam.  The  fall  from  the  railroad  bridge 
to  th(»  pool  below  Klein  Falls  is  15  feet,  and  it  wcmld  be  entirely 
feasil)l(»  to  construct  a  dam  with  an  eti'eetive  head  of  25  feet  ju.st  alK)vo 
the  falls.     A  iiiininnjm  of  750  horsepower  could  thus  be  obtained. 

During  the  sununerof  11^02  the  discharge  of  the  Guadalupe  wa^  the 
lowest  ever  obs(M"vecl.  forcing  0  power  plants  above  New  Braunfels 
to  shut  down  or  run  on  short  time.  The  flow  at  this  time  was  so 
low  that  special  eti'orts  were  made  to  obbiin  measurements  at  several 
points.  The  following  measurements  were  made  in  1W2  on  the 
Guadalupe  above  New  Braunfels: 
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Discharge,  m  seeond-feei^  of  Guadalupe  River  above  New  Braunfels  m  190£. 


Date. 

Station. 

Discharge. 

rust  26 

Two  miles  north  of  New  Braunfels 

13 

28 

Walhalla 

11 

28 

fiix  miles  above  New  Braunfels -.. 

9 

29 

Comfort 

Vbove  New  Braunfels  there  are  five  dains  on  the  Guadalupe  that 
relop  power,  namely,  the  Sherman  dam,  at  Ingram;  the  Sc»hreiner 
n,  at  Kerrville;  the  dam  of  the  Kerrville  Roller  Mills;  the  Witt 
n,  at  Centerpoint,  and  the  Flach  dam,  at  Comfort. 
Three  miles  a}x)ve  Ingram  is  tlie  first  dam  on  the  Guadalupe.  The 
wev  plant  belongs  to  John  Sherman,  and  is  used  for  grinding,  saw- 
f,  and  ginning.  The  dam  is  7  feet  high  and  is  constructed  of  cedar 
i  cypress  and  weighted  with  stone.  The  foundation  is  a  ledge  2 
it  high,  upon  the  crest  of  which  the  dam  is  located,  giving  it  a  fall 
all  of  9  feet.  The  power  is  developed  by  a  42-inch  Leffel  turbine, 
ich  is  usually  operated  with  the  gate  one-third  open.  The  dam  is  300 
t  long  and  was  built  in  1892.  At  Ingram  there  is  another  excellent 
)  for  a  power  plant  that  has  never  been  utilized. 
Two  miles  above  Kerrville  Charles  Schreiner,  in  1900,  erected  a 
oden  dam  across  the  Guadalupe.  The  length  of  the  dam  is  about 
)  feet  and  its  maximum  height  is  3  feet.  It  is  constructed  of  cedar 
i  cypress  plank,  and  rests  on  rock.  The  effective  head  is  10  feet 
i  the  power  is  developed  by  one  30-inch  Victor  turbine,  which  is 
lally  run  with  the  gates  one-fourth  open.  The  vent  is  300  square 
thes,  and  it  is  estimated  that  50  horsepower  can  be  developed.  This 
►uld  require  a  discharge  of  55  second-feet.  The  dam  deflects  the 
ter  into  a  race  about  300  feet  long  on  the  north  side  of  the  rfver. 
le  banks  of  the  river  on  the  south  side  are  low,  while  those  on  the 
rth  immediately  adjacent  to  the  stream  are  low  and  flat  for  a  distance 
150  feet.  Next  the  bluff  there  is  a  low  gap  through  which  the  race 
w  carried.  The  bluff  constituted  one  side  of  the  race,  and  the  south 
le  had  to  be  built  of  framework  of  vertical  cedar  posts,  to  which 
mt  cypress  planks  were  spiked,  constituting  a  water-tight  fence. 
A.t  Kerrville  a  dam  has  lieen  constructed  by  erecting  12  by  12  inch 
press  posts  in  the  rock  bed  of  the  river  and  thoroughly  filling  the 
le  around  the  foot  of  the  posts  with  cement.  On  PL  VI,  A^  is  shown 
iew  of  the  waterworks  dam  at  Kerrville.  Instead  of  bnicing  the 
sts  from  below  to  withstand  the  thrust  of  the  water,  an  iron  tension 
1  is  attached  to  the  posts  and  to  an  anchor  bolt  in  the  rock  alx)ve 
3  dam.     The  upper  face  of  the  dam  is  formed  of  thick  cypress  lum- 
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ber,  spiked  to  the  12  by  12  iach  posts.  The  dbm  gives  an  aven 
head  of  7i  feet  on  the  two  Leffel  turlniies  of  Maud  48  inches  diameli 
The  44-inch  turbine  is  generally  operated  witli  fall  opening  and  1 
48-inch  wheel  with  tiiree-foiirtib».  They  have  vents  of  300  and  i 
square  inches,  respectively.  An  auxiliary' steam  i^hmtof  45  hoi 
power  is  used  for  operatii^  the  electric  plant. 

Ai  G^iterpoint  a  wooden  dam  was  built  adtoas  the  Guadalupe 
1895.  It  is  SOO  feet  long^and  7  feet  high  ai^  cost  about  98,000.  *! 
plant  is  owned  by  W.  H.  Witt  ft  Go.,  and  the  power  is  utilised 
operate  the  roller  mills.  The  effective  head  is  9  feet,  and  the  pa 
is  generated  by  one  48-inch  Leffel  turbine,  which  is  generally  open 
with  a  gate  opening  of  two^thirds.  It  is  possible  with  this  whed 
develop  40  horsepower,  which  iieould  require,  witii  an  effidency  oi 
per  c^it,  a  venting  of  49  second-feet 

The  power  plant  at  Comfort,  12  miles  from  KerrviUe,  is  owned 
operated  by  E.  ilach.  The  power  is  used  in  the  Comfort  Roller  M 
1^  electric-light  plant,  and  a  cotton  gin.  l%e  dam  is  made  of  cedar 
pens,  filled  with  rock,  brush,  and  day.  It  was  iHiilt  in  1881,  is 
feet  long  and  about  5  feet  high;  The  head  is  11  feet  on  an  aver 
*  reaching  12  as  a  maximum  and  10  as  a  minimuuh  The  energy  is  | 
erated  by  two  Leffel  turbines,  86  and  40  inches  in  diameter,  hai 
vents  of  180  and  137  square  inches,  respectively.  The  horsepo 
developed  is  evStimated  at  40  and  30,  and  this  would  require,  witl 
efficiency  of  80  per  cent,  a  flow  of  40  second-feet  through  the  lai 
and  30  through  the  smaller.  The  plant  has  an  auxiliary  steam  plai 
75  horsepower  for  use  in  periods  of  low  flow. 

Adolph  Dittmar  has  a  plant  on  Guadalupe  River  5  miles  below  I 
Braunf els.  There  is  a  natural  dam  of  soft  calcareous  material  at 
point,  with  a  fall  of  5  feet.  The  plant  consists  of  a  42-inch  KL- 
turbine  and  a  duplex  Worthington  pump  of  14-inch  piston  diani 
and  lOi^-inch  stroke.  The  intake  pipe  is  12  inches  in  diameter 
about  8  feet  long;  the  discharge  pipe  is  10  inches  in  diameter  and 
feet  long.  The  lift  is  42  feet,  and  it  is  intended  to  sell  the  suri 
water  to  neighbors  for  irrigation  purposes. 

Herman  Dittmar  has  a  similar  plant  1  mile  farther  down  the  ri 
He  also  has  a  natural  dam  with  a  fall  of  6  feet.  His  plant  consist 
an  undershot  w^heel  12  feet  in  diameter  and  12  feet  long  and  a 
trifugal  pump  with  a  4-inch  suction  pipe  and  3-inch  discharge, 
pumps  through  18  feet  of  intake  and  100  feet  of  discharge  pipe, 
lift  being  32  feet.  This  plant  was  built  in  1901.  Water  will  be  : 
for  irrigation  purposes. 

Below  the  crossing  of  the  Southern  Pacific  Railroad,  Koehle 
Blumberg  have  utilized  a  natural  fall  in  the  Guadalupe  to  dev( 
power  by  use  of  a  72-inch  Leffel  turbine.  By  artificial  means  the 
has  been  increased  to  7  feet.     The  power  is  used  in  operating  a 
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iring  the  cotton  season.  At  the  lowest  stages  of  the  river  this  fall 
tild  easily  develop  200  horsepower. 

The  plant  of  the  Seguin  Milling  and  Power  Company  is  located  at 
rskine  Falls  (PI.  VII),  4  wiles  west  of  Seguin  and  1  mile  below  the 
idge  of  the  Southern  Pacific  Railroad.  The  irregular  crest  of  the 
.tuml  dam  has  been  made  horizontal  by  the  use  of  cement  concrete. 
:ie  crest  of  the  present  dam  crosses  the  river  in  a  zigzag  line,  and 
c  surplus  water  at  low  stages  is  allowed  to  pass  over  its  southern 
id.  Power  is  generated  by  three  50-inch  Samson-Leffel  turbines 
ider  a  head  of  12  feet.  These  turbines  connect  to  one  horizontal 
Laft  and  can  be  operated  together  or  separately.  There  are  eight 
>uble  stand  rolls  with  a  joint  capacity  of  200  barrels  of  flour  per  day. 
he  elevator  has  a  capacity  of  35,000  bushels  of  wheat.  The  cotton- 
.n  vsection  is  equipped  with  four  70-saw  gins,  and  in  addition  to  these 
achines  a  grist  mill  is  operated. 

At  Seguin  are  two  water-power  plants,  one  at  each  end  of  the  dam. 
t  the  south  end  of  the  dam  is  located  the  oloctric-light  power  house 
id  gin  and  mill  owned  by  Troell  &  Sons.  The  dam  is  partially  a 
itural  formation,  of  irregular  section  and  j)lan,  and  was  raised  H  feet 
jr  dumping  cemented  gravel  on  the  crest.  The  head  obtained  is  7i 
ict  and  the  turbines  used  are  one  6()-inch  New  Success  wheel,  which 
ives  135  horsepower,  and  one  54-inch  Alcott  wheel,  which  gives  40 
orsepower.  The  mill  runs  sixteen  hours  a  day  and  the  electric- 
ght  plant  fourteen  hours.  At  the  north  end  of  this  dam  is  located 
le  pumping  machinery  of  the  Seguin  Waterworks  Company.  The 
ead  is  7i  feet,  the  same  as  at  the  south  end,  and  the  water  wheels 
insist  of  one  54-inch  Leffel  turbine,  which  generates  40  horsepower, 
nd  one  56-inch  turbine,  which  genenites  50  horsepower.  This  latter 
irbine  operates  a  pump  that  has  a  (\apa<*ity  of  025,000  gallons  per 
iventy-four  hours  and  that  supplies  the  town  at  present.  The 
nailer  turbine  operates  a  pump  that  hjis  a  capacity  of  378,640 
dllons  per  twenty-four  hours  and  that  is  used  during  the  summer 
ionths  only. 

The  Troell  power  phmt  opemtes  an  irrigjited  farm  of  300  acres, 
be  crops  raised  consist  mostly  of  truck,  small  grain,  and  corn. 
The  San  Marcos  joins  the' waters  of  the  (iuadalu|x*  a  short  distance 
»ove  Gonzales,  42  miles  below  New  Braunfels.  At  (ionzales  a 
nber  and  stone  dam,  148  feet  long,  with  a  fall  of  0  feet,  luis  been 
nstructed,  and  the  power  is  used  in  running  the  gin  and  gristmill 

Simth  &  Lowery,  the  elcctrie-light  i)lant,  and  the  pump  for  the 
iterworks.  The  dam  was  built  in  1S91  and  lst»2,  and  the  power  is 
tveloped  ])y  two  60-ineh,  one  72-lnch,  and  one  66-ineh  turbines.  The 
dinary  minimum  flow  at  this  dam  is  slightly  in  excess  of  450  seeond- 
et,  and  the  capacity  of  the  plant  is  reliably  400  horsepower  with  all 
le  feeding  streams  at  their  minimum  flow. 
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Forty  miles  bolow  OoiizHles  and  S  miles  north  of  Cucro  is  thf  UucW 
diuii.  The  dam  proper  (PI.  Vlll)  is  n  solid  limestone  i-tnicluK. 
weighing  HU  pounds  piirculfiii  foot.  ilM  foundations  and  filliofr^  !*«{ 
of  coiicmte  made  from  gravel,  sand,  and  L-wment.  A  ntratum  d  itn 
tough  flay,  so  feet  think.  HtTord^Ml  an  pxccllpnt  foundation.  TL 
was  removed  to  a  depth  of  5  or  B  feet  and  a  foundation  of  concrclci 
[  £«ot  wide,  laid;  then  rome  courNCs  of  wtonc  on  the  ufwtream  ami  Aim 
fltream  sides  of  the  rivi-r,  every  course  t»eing  set  !»ack  until  the  In* 
watt-r  line.  15  fwt  from  the  btt»e,  is  rovchod.  where  the  djun  )»> 
width  of  21  feet;  the  middle  l>eiag  tilled  with  layers  of  i-omtvit 
From  thin  line  wirh  layer  of  stonu  is  set  back  on  the  downstream  -ik 
so  that  the  top  of  the  dam,  10  feet  above  tiie  low -water  line,  U 
wide.  Thp  total  length  over  all  is  220  feet.  Aeeording  to-iinoj 
made  upstream,  it  is  found  that  from  S  to  4  feet  may  be  added  toft 
dam  without  affeeting  seriously  the  low  imttom  lands  upstn-amii 
Bubjeeting  them  to  more  than  usual  danger  op  damage  by  overflo* 
By  doing  thi«  an  increiwe  of  f  iiini  40  to  IW  per  wnt  in  power  cul 
gained.  The  dam  was  begun  Decemlx-r  1,  1896,  and  fini»>hGd  MarA 
lrt!)8.  The  stone  wb."*  obtained  fnmi  the  (junrries  at  Van  Uauh, 
miles  northwest  of  Sau  Antonio.  Thers  were  uaeid  in  the  ooiistni 
tion  of  the  daui  and  jx-nstocke  129  earloads  of  limestone,  HI  carli 
of  cement,  S,200  t^ubic  yards  of  gravel  and  sand,  9  carloads  of  eyprr 
timber,  370  cypi-ess  piles  (20  to  30  feet  long),  26  carloadf<  of  brick,  Ml 
2  carloadx  of  iron  columns  and  shapes. 

The  abutment  to  the  dam  on  tbe  wtmt  side  is  in  the  shape  of  a  T 
Next  to  the  east  bank  are  the  penstocks,  of  the  open  type,  built  o 
cypresa  timljer.  They  are  of  ample  sixe,  arranged  tfj  accommodali 
six  turbines  of  hulficient  capiu-ity  to  utilize  all  the  water  of  thifs  fitreao' 
whenever  there  is  a  demand  for  the  power.  At  present  only  t*o 
54-inch  vertical  turbines  of  KiS  horsepower  capacity  each,  under  i 
lO-foot  head,  are  installed.  The  entire  fore  bay  and  wheel  pits  bfp 
Hoored  with  a  layer  of  concrete  1'2  inches  thick,  and  the  pen^^tocks  un 
held  up  by  29  cast-iron  piers  and  two  sets  of  I  beams  weighing  W 
pounds  per  yard,  all  resting  on  concrete  foundations.  Upon  this  iMiik 
which  is  encircled  by  a  brick  wall  backed  by  piers  of  concrete,  is  sil 
uated  the  power  house,  2S  fe*^t  al)ovc  the  crest  of  the  dam,  Tbi 
pumping  machinery  for  irrigating  purposes  is  driven  by  a  shaft  ' 
inches  in  diameter,  making  94  revolutions  per  minute.  The  powc 
house  is  80  feet  long  by  38  feet  wide.  One-half  of  this  huildint; 
excavated  to  a  level  of  15  feet  above  the  fore-bay  water  (about  H 
feet  above  the  crest  of  dam),  is  used  for  a  pump  room.  The  pumi 
for  irrigating  purposes  is  of  the  duplex  piston  type,  made  by  tJi 
I^udlow- Dunn-Gordon  Company,  of  Cincinnati,  and  its  capacity  i 
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ftimated  at  3,473  gallons  per  second  (468  necond-feet)  under  a  normal 
ieed.  The  suction  pipe  is  20  inches  in  diameter  and  the  dischar^^e 
I  inches.  The  water  is  pumped  into  a  roctan^lar  reservoir  which 
a  capacity  of  2,0(M),000  cubic  feet  and  which  is  a]>out  300  feet 
the  dam.  From  the  reservoir  two  ])ipes  3  feet  in  diameter  lead 
the  irrigating  ditches.  Various  crops,  such  as  alfalfa,  cotton, 
)bage,  etc.,  and,  in  1900,  35  acres  of  rice,  were  tried.  Alnrnt  60 
indis  per  acre  were  sowed  from  April  15  to  May  1.  The  yield  was 
barrels  per  acre,  and  was  readily  sold  for  Ji^8.50  p<?r  Imrrel  f.  o.  b. 
fCuero.  In  1901  the  company  sowed  250  acres  in  Honduras  rice 
id  50  acres  in  Japanese  rice.  The  cost  of  raising  the  rice  at  this 
lot  will  be  exceedingly  small,  as  no  fuel  will  be  used.  In  addition 
the  power  used  for  irrigating  puq)osos,  the  company  has  just  closed 
ontract  to  supply  225  horsepower  to  the  cotton  mill  that  was  erected 

iiKa. 

The  flow  of  the  Guadalupe  was  measun^d  on  the  crest  of  the  Huchel 
ni  by  electric  current  in  March,  1901,  when  there  had  been  no  rains 
the  watershed  for  four  months,  and  a  flow  of  551  s<»cond-f(*et  was 
And. 

A  gaging  station  was  esta])Iished  on  (ruadahipe  River  at  the  Hiichel 
111,  near  Cuero,  in  Deceml)er,  1902.  The  zero  of  the  gage  is  at 
e  crest  of  the  dam  at  the  south  end.  As  it  proved  impossible  to 
easure  flood  discharges  at  this  ix)int,  another  gaging  station  was 
.tablished  in  July,  1903,  at  the  bridge  of  the  San  Antonio  and  Aran- 
is  Pass  liailroad  across  the  (luadahipe  3  miles  west  of  C'uero.  The 
jro  of  the  gage  is  50  feet  ])elow  the*  top  of  the  tie  in  the  third  panel 
rem  the  east.  A  tagged  plumber's  chain  is  used  for  reading  off  the 
age  heights.  The  observer  is  John  Hughes,  who  has  chai'ge  of  the 
•umping  plant  of  the  railroad  at  this  point.  Measurements  are  made 
rom  the  highway  bridge,  about  2(H)  feet  below  the  railway  ])ridge. 
L  cross  section  of  this  bridge  is  sli(»wn  in  tig.  7. 

The  maximum  discharge  for  11M):{  was  <>(),()()()  scu'ond-feet,  the  mini- 
num  740,  and  the  mean  l^VM). 


yy£3r 


FlG.  7. — Section  of  Guadaluix;  River  neiir  (.■uem. 
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Power  plants  on  (iuadalupc  River, 


Locality. 


Owner. 


Ingram John  Sliemian 9 

Kcrrville C\  Sclirt'iniT 10 

Do :  Waterworks 7.  f5 

Centerpoint. ■  W.  H.Witt 9 

Comfort K.  Flaoh 11 

Five  miles  Ik'Iow  New  Braiinfels '.  A.  Dittniar 5 

Six  milc^H  Ik'Iow  New  Braunfels.    II.  Dittniar 6 


Nine  and  one-half  niilofl  below  ,  Koi*hler«fe  Blumbeoj: ... 
New  Braunfele. 

Seguin Milling  and  Power  Com- 

I      ]«">• 
Do S.  Troell  iSc  Sons 

Do Water  Co 

Cuero ( ).  Bn«'hel 


12 
7.5 

10 


Material  of  <laT 

Natural — w«ki 
Woo<l. 

Do. 

Do. 

Do. 
NaUml. 

Do. 

Do. 

I>o. 

Do. 
Do. 
Maaonrv. 


COMAL  RIVER. 

The  iii<)iint4iin.s  of  thi»  F^dwiirds  Plateau  end  a)x>ut  1  mile  iiortl 
of  New  Braunfels,  and  from  th(»  ti.ssures  at  the  foot  of  the  bluflF 

celebrated  sprincrs  (hat  form  Comal  Kiver  ^ush  forth.  The  \\ 
hav(^  hetMi  used  for  power  siuee  ISOO,  hut  it  is  oidy  since  isso 
systematic  methods  have  hceu  emplovcnl. 

T1h»  ilow  of  the  Comal  is  n^asonahlv  uniform.  The  writer  has  1 
measurements  on  the  Comal  three  or  four  times  eaeli  year  since 
with  the  view  of  ohtaininof  relial)le  data  for  an  accunite  estinu 
its  water  power.  A  sj)ecial  trip  was  made  to  the  Comal  on  Chri* 
day,  ll^oo,  for  the  purpose  of  jr(»ttin<f  a  measureuuMit  when  all  th«' 
and  power  phmts  were  shut  down  and  when  the  flow  would  hv 
thuMiced  hy  the  variations  of  j)()wer  re([uir(Hl  for  the  ditfe rent  purj 
The  sections  s(dect(Hl  for  measurinir  the  flow  were  on  the  I^iinda  mill 
at  th(>  small  bridoe  about  TT)  yards  below  the  tifravel  dam,  and  o 
Comal  Kiverl'Tr»  vards  below  the  LTraveldam.  The  combined  disci 
was  found  to  be  '174  s(M-on(l-fe(*t.  FIk'  flow  was  aofain  measurec 
next  day,  DeccMuber  '2<I,  It^nO.  at  tin*  sami^  sections,  when  all  th?»  p 
plants  were  in  ojxMation,  and  the  same  discharire  was  found.  Il 
obs(M"ved  that  the  \vat(M'  in  tin*  Landa  r.ice  at  this  bridge  was  ^il 
same  level  on  the  two  davs  i.  (\,  the  watiM*  was  not  lowered  b^ 
operation  of  the  machinei'v,  :i->  the  waste  weirs  were  open.  The  a 
measuHMuents  were  made  at  the  close  of  a  verv  wet  vear.  and  it  i> 
tain  that  th(»  flow  as  obtainiMl  was  abov(»  the  normal.  Hurino-  iiinii 
measurements  were  made,  one  in  March,  when  a  flow  cf  34»^  second 
was  found,  and  another  in  Auo-ust,  when  the  flow  was  8-^8  second- 
The  lowest  flow  ever  oUtaiued  \>y  U\e  writer  in  the  last  live  years 
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0  aecoml-feet,  and  it  can  be  assumed  that  tlie  minimum  flow  will  be 
least  300  secood-feet. 

The  Landa  estate  (Hany  Landa,  manager)  operates  two  plants, 
ith  taking  their  water  from  the  same  fore  bay.  The  south  plant 
■erstes  the  roller  flour  mills,  the  elevator,  an  ice  factory,  an  electric- 
ht  plant,  a  waterworks  pump,  and  a  small  pump  for  irrigation,  pur- 
ses. The  power  is  generated  by  a  2()-inch  duplex  horizontal  Leffel 
rbine,  with  a  head  of  21.50  feet.  The  water  is  discharged  into  a 
»  24  by  30  feet,  cut  through  the  west  bank  of  the  Dry  Comal.  The 
ur  mill  has  a  capacity  of  8,000  barrels  per  week,  the  elevator  a  capac- 
'  of  100,000  buuhels,  and  the  ice  factory  14  tons  per  day.     The 
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tctric-light  plant  furnishes  light  to  the  city  of  New  Braunfels  and 
the  Landa  works.  It  consists  of  two  motoi's,  of  t>0  and  SO  kilo- 
Ms.  Manila  rope  belting  is  used,  which  is  almost  noiseless.  The 
rth  plant  is  operated  by  a  30-inch  I^effel  double  horizontal  turbine. 
1  attempt  was  made  to  substitute  a  i^teel  overshot  wheel  for  the  tur- 
le.  The,  first  work  done  with  thb  wheel  bent  the  shaft  and  tore 
'fits  loose;  in  short,  the  wheel  was  a  failure,  and  it  has  been  removed 
d  the  Leffel  wheel  substituted.  Rope  ti'ansmission  is  used  at  the 
rth  plant  also,  and  the  power  is  transmitted  to  a  shaft  240  feet  long 
d  varying  from  3f  j  to  2^  inches  in  diameter.  PI.  IX,  A,  is  a 
;w  of  Landa's  wa/ste  weir.  A 
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Tbe  demras  dun  (n.  VI,  J?)  has  a  length  over  aU  of  JOO  leet 
a  lei^  between  balkneads  of  180  feet    Its  totd  be%iit  is  14 
with  a  base  18  feet  wide,  resting  on  tough  blue  clay.    Ibe  eras 
tlon  in  general  is  trapeaoidal  in  shape.    Hie  erest  is  flat,  4  feet 
the  tqistream  face  vertical,  while  the  lower  or  downstream  fmsb 
formed  of  a  series  of  steps  whose  height  or  rise  is  abont  18  ii 
and  whose  tread  varies  frcHn  18  to  90  indies. 

The  dam  was  oonsbrocted  in  1888  of  limestone  obtained  6  mfles 
New  Brannfels,  and  the*  stcmes  were  laid  in  good  Portland 
There  are  three  waste  weirs;  6  feet  deep  and  5  feet  8  inches  wide, 
an  agreement  with  the  Landa  interests  the  water  in  the  fore  bay  or 
above  the  Clemens  dam  can  not  or  should  not  approach  nearer  than 
inches  of  the  crest  of  the  dam,  and  there  is  also  another 
with  other  parties  below  the  dam  that  the  water  below  the  dam 
stand  4  indbes  deep  on  the  eighth  stone  from  top  of  dam,  bat 
latter  agreement  no  Icmger  prevents  the  lowering  of  the  water 
below  the  dam.    1^  difference  of  water  level  in  the  fore  bay  and 
bay  in  1908  was  8,86  feet,  but  a  recent  flood  had  drQf>ped  below 
dam  a  pile  of  gravel  that  raised  the  level  of  the  water  1  foot  and 
reduced  the  head.    The  ordilbary  head  is  9.S6  feet    The  power  at 
north  end  of  the  dun  is  g^oerated  by  two  Stillwell-Bierce  YU 
upright  turbines,  85  and  44  inches  in  diameter.    The  shafts  from  As 
turbines  transmit  the  power  to  a  pulley  14  feet  in  diameter,  whose 
center  is  23.5  feet  above  the  crest  of  the  dam.     The  power  is  trans- 
mitted from  this  pulley  by  a  f -inch  wire  rope  across  the  river  650  feet 
to  the  Dittlinger  flour  mill,  whose  capacity  is  1,500  barrels  of  flour, 
1,200  barrels  of  corn  meal,  and  300  barrels  of  rye  flour  per  week. 

At  the  south  end  of  the  Clemens  dam  a  power  plant  consisting  of  one 
36-inch  Stillwell-Bierce  Victor  cylinder  gate  turbine,  working  under 
the  ordinary  head  of  9i  feet,  pumps  water  into  the  city  standpipe. 
The  bottom  of  the  standpipe  is  95  feet  above  the  water  level  above  the 
dam.     This  standpipe  is  57  feet  high  and  25  feet  in  diameter. 

The  following  survey  was  made  in  March,  1903,  from  the  head  spring 
near  the  mouth  of  Panther  Canyon  to  the  International  and  Great 
Northern  Railroad  bridge. 

Fall  of  Comal  River. 

Feet. 

Head  spring  to  Lake  Comal  (above  gravel  dam) 5. 40 

Lake  Comal  to  Landa  fore  bay 1. 10 

Landa  fore  bay  to  Landa  tailrace 21.51 

Landa  tailrace  to  Clemens  fore  bay 1.^ 

Clemens  fore  bay  to  tailrace 8. 21 

Clemens  tailrace  to  smooth  water  about  200  yards  below  Clemens  dam 2. 80 

Pecan  tree  to  mouth  of  Comal  River 2.47 

Head  spring  near  mouth  of  canyon  to  mouth  of  Comal ^ 42. 7' 

Comal  to  International  and  Great  Northern  Railroad  bridge 6.  ^ 

Railroad  bridge  to  Klein  Falls 15.^ 

Ciemeiw  toilwoe  to  Klein  Falla c: 26.  «^ 
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be  Clemens  dam  there  was  a  fall  early  iu  1908  of  8.21  feet,  but 
ual  fall  is  1  foot  more  than  this,  as  the  water  level  below  the  dam 
?en  raised  1  foot  by  the  debris  of  Landa\s  gi*avel  dam,  which  was 
i  out  and  deposited  in  the  river  below  the  Clemens  dam.  A 
>f  9.25  feet  and  a  flow  of  IMH)  second-feet  (minimum)  at  the 
ns  dam  can  be  relied  on,  which  with  the  ordinary  efficiency  of 
st  turbines  should  yield  250  horsepower. 

gravel  dam  at  the  head  of  Comal  Riv(»r  could  l)e  raised  5  feet 
it  backing  the  water  up  to  the  head  springs,  but  the  con- 
tion  or  topography  of  the  land  in  the  park  and  to  the  north  of 
ke  renders  such  an  increase  unadvisable.  In  addition  to  this, 
in  increase  in  the  height  of  the  dam  (gmvel)  would  require  a 
ponding  raise  in  the  embankment  around  Ijanda's  fore  bay,  and 
practically  out  of  the  (question.  The  lake  and  the  fore  bay  could 
ned  8  feet;  this  would  increase  the  efl^(»ctlvo  heiul  to  24.50  feet, 
mtnu't  lietween  the  Landa  interest  and  that  of  the  Clemens  ren- 
iiiy  increase  in  the  height  of  the  lower  dam  impossible.  The 
level  in  the  fore  Imv  nmst  remain  18  inches  l)el()W  the  crest  of 
csent  dam.  But  l)elow  the  dam  small  rapids  occur  for  2(X)  yards, 
fall  of  2.8  feet  by  actual  survey  occurs  in  this  distance.  Two 
lore  could  >>e  added  to  the  present  head  l)y  excavating  the  blue 
ut  of  the  l>ed  of  the  river.  If  this  is  done  300  horsepower  could 
lerated. 

Diacharfft:,  m  secand-feetj  of  domed  Hirer  at  Xeiv  BraunfeU. 


Year. 

1 

Hydrc^frapher. 

C.  Babb 

U.  Tavlor 

DLMC'hargc. 

c. 

328 

T. 

320 

..do 

..do 

310 

374 

do 

343 

do 

333 

'            do 

a  412 

.  .do 

375 

.................... 

1 

»  Recent  rains*. 

« 

SAN  MARCOS  RIVER. 

I  Marcos  River  rises  in  several  large  springs  about  1  mile  north- 
)f  the  town  of  San  Marcos.  The  dam  of  the  San  Marcos  water- 
s  raises  the  level  of  the  water  and  forms  a  lake  w^hich  backs  the 
up  to  the  head  spring.  The  first  measurement  of  the  flow  of 
ver  was  made  in  1894,  near  the  International  and  Great  Northern 
3ad  bridge,  when  a  discharge  of  150  second-feet  was  found.     The 
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flow  was  again  measured  in  December,  1895,  by  C.  C.  Babb,  when  & 
flow  of  89  second- feet  was  found  at  a  point  50  feet  below  the  head  gates. 
The  opening  was  so  regulated  that  the  flow  was  about  the  average  dis- 
charge of  the  springs.  The  spring  is  reported  to  have  an  annual  rise 
and  fall,  and  it  is  sttited  that  from  March  the  flow  increases  until  the 
middle  of  May,  the  total  rise  Inking  a))out  18  inches.  It  maintains  this 
level  till  September  and  then  gradually  falls. 

DiscluiTije.y  in  nemnd-feety  of  San  Marcos  JHver. 


Year. 


Hydrogmphcr. 


DiK-      ! 
•chaixu.  i 

I 


1894. 

1895. 
1899, 
1900. 
1903. 


Locality. 


150     liitematioual  and  Great  Northern 
Railroad  bridge. 
1  mile  northeast  of  San  Mareun. 

WeHtertield  ford. 
Do. 


The  first  dam  on  the  San  Mareos  is  aY>out  one-fourth  mile  from  the 
head  si)rings.  The  dam  is  alM)ut  400  feet  long,  the  -eastern  section 
(Tossing  (h(»  channel  at  a  right  juigli*  for  two-thirds  of  the  length,  the 
remaining  ])()rti()n  dellecting  pjirallel  to  the  west  hjink  to  form  a  fon- 
hay.  The  dam  is  const riu-tod  of  eartli  and  piling  and  has  a  inaxinmni 
height  of  l.")  feet,  jind  develops  a  head  that  varies  from  S  to  lii  fcol. 
The  watxu-  ])()wer  is  generated  by  two  Hr)-inch  Leffel  turbines  of  the 
Samson  type,  and  one  48-inch  Morgan  Smith  Success  turbine.  An 
auxiliary  Atlas  sti^am  engine  of  lid  horsepower  is  used  to  supplement 
the  water  power.  The  ])lant  belongs  to  the  San  Marcos  Electric 
Light  and  Powi^r  ('ompany,  the  San  Marcos  Water  Company,  and  the 
San  Marcos  Ic<» Company.  They  are  distinct  companies.  The  })uihl- 
ing  is  made  up  of  a  boiler  room  l\2  by  JiO  feet,  an  electric  light  and 
pump  room  4()  by  fJO  fe(»t,  an  ice  room  IM>  ])y  7n  feet,  and  a  storage 
room  2(>  by  40  feet.  Th(^  electric  eniM'gy  is  generated  ])v  one  Warren 
lK)-kilowatt  generator  and  one  Westinghouse  (>n-kilowatt  generator. 
The  pump  is  a  (Gordon  Maxwell  lo  by  V2  duplex,  with  a  capacity  of 
500  gallons  per  minute,  but  tliere  is  soon  to  be  installed  one  Fairbanks 
JO  j)y  12,  with  a  capacity  of  1,000,000  gallons. per  day. 

On  Julv  2\K  VM)*2,  the  rainfall  in  San  Marcos  was  S.r>  inches,  while 
at  a  point  !.'>  miles  above  the  town  it  was  reported  as  2!i  inches,  and  at 
Kvle  2>>  inche.N. 
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The  rain  continaed  for  seven  hours,  and  all  the  lower  parts  of  the 
town  were  flooded  and  many  houses  washed  away.  The  highest  water 
reached  the  bottom  of  the  stringers  of  the  International  and  Great 
Northern  Railroad  bridge. 

Two  miles  below  the  head  springs  is  the  dam  of  J.  M.  Cape.  This 
dam  is  constructed  of  framework  and  earth,  and  is  130  feet  long,  with  a 
fall  of  9  feet.  The  plant  is  equipped  with  two  48-inch  Leffel  turbines, 
w-hich  develop  78  horsepower.  One-fourth  mile  l>elow  Cape's  gin  is 
the  Thompson  gin.  The  race  is  one-half  mile  long,  and  connects  with 
the  pond  formed  by  the  Cape  dam.  The  fall  at  the  Thompson  gin  is 
14-  feet.    An  auxiliary  steam  plant  of  55  horsepower  has  been  installed. 

About  6  miles  below  San  Marcos,  on  San  Marcos  River,  is  the  gin 
^Hd  corn  mill  of  J.  C.  Jones.  The  dam  was  built  in  1896,  and  is  of 
^f*<lar-timber  cribwork,  tilled  in  with  stones,  gravel,  and  concrete.  It  is 
^<>  feet  long  and  7  feet  high.  The  power  is  derived  from  two  turbines — 
One  Leflf el-Samson,  50-inch  diameter,  which  produces  95  hoi*sepower, 
Hnd  one  Leffel  standard  23-inch  wheel,  producing  6  horsepower.  The 
Power  is  utilized  in  operating  a  cotton  gin,  corn  mill,  a  small  West- 
inghouse  direct-current  dynamo  of  35-light  (.-apacity,  and  two  small 
pumps  that  are  used  in  supplying  water  for  irrigating  20  acres  of 
farm  land.  The  total  cost  of  the  plant,  not  including  the  pumps,  was 
$6,000. 

About  2  nules  northwest  of  the  town  of  Maitindale,  W.  S.  Smith 
owns  and  operates  a  cotton  gin  and  corn  mill  on  San  Marcos  River. 
His  dam  consists  of  a  central  portion  of  timber  framework,  filled  with 
rocks  and  gravel,  7  feet  high  and  200  feet  long,  (constructed  by 
placing  alternately  pieces  of  10  by  10-inch  cypress  timber  longitudi- 
nally and  crosswise  of  the  dam  and  filling  In  the  spaces  left  between 
these  with  the  rock  and  gravel.  These  timl>ers  arc  not  laid  flat  upon 
their  squared  faces,  but  are  placed  upon  edge,  and  are  dapped  or 
let  in  several  inches  where  they  cross  each  other,  and  secured  by 
three-fourths-iuch  bolts  that  extend  completely  through  the  dam  from 
top  to  bottom.  The  lowest  course,  in  which  the  timbers  lie  crossways 
of  the  dam,  rests  upon  large  longitudinal  logs  and  extends  4  feet  beyond 
the  toe  of  the  fmmowork  of  the  dam  proper.  V\K>n  this  extension 
are  piled  stones  of  aii  sizes  up  to  the  height  of  the  dam,  thus  forming 
the  downstream  face.  The  top  of  tlie  f  mmework  slopes  backward  and 
upstream  to  a  slight  extent,  and  is  1<>  feet  in  width,  thus  making  the 
dam  20  feet  wide  at  the  foundation  and  16  feet  at  the  cre^t,  th(»  upstream 
side  where  the  slope  of  the  top  ends  being  vertical.  The  ends  of  this 
wooden  dam  join  on  either  side  a  dam  of  roughly  shaped  rock  and 
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coiK-rote.  the  section  next  the  gin  uid  mill  lieinj;;  12i)  focx  l>mg  ami 
that  oa  the  far  side  80  feet,  making  a  Uitiil  U-ugtU  uf  (km  »f  4iH)  M. 
"Bob  dam  waa  built  in  1897,  and  afloi-d.-^  a  head  of  i*  feet  on  the  tui' 
bines.  Mr,  ftnith  intends  to  raise  tin-  dam  several  feet,  how<^i\iT.  iu 
tile  near  fataie.  Thepoweris  derived  troruthreeturhines—oiii'4<i-iiirli 
189S  patent  Iieffel  wheel,  which  produces  B8  horsepower;  one  ao-im-ti 
18W  patent  lieffel  wheel,  giving  40  hurr<epower,  and  ono  IH-itirh  siw- 
oial  wheel,  giving  tH  horsepower,  making;  u  totnl  o(  IVAi  borsepowvr. 
nib  is  utilized  in  operating  the  cotton  frin.  torn  mill,  sorj^hum  mil). 
and  a  amsll  electric-light  systMn.  Thi>  iiiiichinoE y  consiub  of  t4>n  jf'\ti\ 
two  presses,  one  cane  taill,  <me  soi;ghiini  mill,  and  a  12.5-volt  Westiiig- 
home  direct-caneqt  dynamo.    The  total  cost  of  tliu  plant  was  *y5.iNKi. 

At  the  town  of  Martindale  is  tie  f,nii  and  mill  o"  J.  \V.  Tolkr. 
llieduQiBOonBtructedentirdyof  tuober  and  rock  and  is  similar  totlw 
oentml  porticm  of  W.  S.  3mi1i*s.  It  is  250  feet  lon^r,  was  imill  in 
1898,  and  gives  an  8-foot  hefwl.  The  ]x>wer  is  deri\'L-d  frotii  two  tur- 
bines— one  Leffel  standard  61-inch  whrel  and  oa(^  35-inrh  »))ecial  wheel, 
Hie  power  is  otilieed  in  operating  a  4't)tt<>n  gin.  corn  mill,  r^orglium- 
seed  tiirasher,  and  the  electric-light  and  wabn-works  i^yHtenis  of  tlic 
town  of  Hartindale.  The  machinery  cunKiMtji  of  tive  Mimgor  (rins 
one  com  mill,  one  Westinghouse  125-xolt  direct-DUm-iit  dynamo,  one 
Munger  press  with  Murray  elevator,  one  sorglmm-iseed  thrasher,  iinil 
one  pump.     The  total  cost  of  the  plant  was  alMmt  Ifail.doo, 

Near  the  town  of  Staple.s,  on  San  Marcos  Kiver.  Q.  J.  Lowman  in 
rebuilding  a  gin  and  corn  mill  that  was  desti-oyed  by  tire  in  Octolwr. 
1901.  He  has  a  dam  of  timlicr  framework  and  rock  140  feet  long 
and  9  feet  high,  which  was  built  in  1899.  The  original  dam  witn  con- 
structed in  1867.  but  in  1899  it  wan  practically  rebuilt  and  raised  sev- 
eral feet  higher.  The  timbers  of  the  old  mill  were  unhurt  by  the 
tire,  and  are  to  be  used  with  the  new  machinery.  They  consist  of  one 
66-inch  Morgan  Smith  wheel,  which  develops  82  horsepower;  one  4^- 
inch  McCormick  wheel,  giving  $'2  horsepower,  and  one  Leffel  2ti-inch 
wheel,  giving  12  horsepower.  The  power  is  used  at  present  in  oper- 
ating the  waterworks  of  the  town  of  Staples,  but  will  be  utilized  for 
ginning  pui'poses,  the  operation  of  a  corn  mill,  and  electric  lights  for 
the  town  upon  the  completion  of  the  mill.  The  machinery  will  con- 
sist of  eight  cotton  gins,  one  1,000-volt  alternating-current  dynamo  of 
750-light  capacity,  a  (Jould  pump  with  a  capacity  of  75  gallons  per 
minute,  and  a  50- hor.se  power  Atlas  engine  and  lx>iler;  also  acorn  mill. 
The  total  cost  of  the  plant  will  be  $25,000. 
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At  the  town  of  Fentress,  C.  R.  Smith  &  Co.  own  and  operate  a  gin 
tnd  mill  on  San  Marcos  River.  The  dam  is  90  feet  long  and  is  built 
>t  timber  framework  and  rock,  like  that  of  J.  W.  Teller's,  a  few  miles 
ibove.     A  wing  of  timber  sheeting  2  feet  higher  than  the  dam  joins  it 

0  the  l)ank  opposite  the  mill.     The  dam  in  its  normal  condition  gives 

1  head  of  6  feet  on  the  turbines,  but  this  can  be  increased  to  8  feet  by 
i  system  of  flashboards  that  are  raised  above  the  dam  when  needed  and 
iaken  off  when  not  required.  These  flashboards  consist  merely  of  2 
)y  4  inch  pieces  2  feet  long  which  are  bolted  to  transverse  timbers  in 
he  top  of  the  dam  (spaced  about  6  feet),  and  which  can  be  raised  or 
owered  at  will.  The  under  sides  of  these  2  by  4  pieces  are  notched, 
jfid  when  raised  they  are  propped  up  })y  means  of  sticks  (in  the  notches) 
hat  rest  upon  the  apron  of  the  dam  at  the  toe.  Planks  2  b}'^  12  are 
hen  placed  upright  against  these  2  by  4  props,  and  raise  the  water  up  to 
he  required  8  feet.  The  power  is  derived  from  one  66-inch  Morgan 
>mith  turbine,  which  gives  35  hoi'sepowor  with  a  6-f()ot  head  and  55 
lorsepower  with  an  8-foot  head.  This  is  utilized  in  operating  a  gin, 
om  mill,  and  small  waterworks  and  (»lectric-light  plant.  The  machin- 
ry  consists  of  seven  Munger  gins,  two  Meyer's  pumps  of  al)out  2()0 
^Uons  capacit}',  one  115-volt  direct-current  dynamo,  a  corn  mill,  and 
,  50-horsepower  Atlas  engine  and  lx)iler.  The  engine  is  rec|uired 
irhen  the  mill  and  gin  are  run  to  their  full  caimcity,  and  is  connected 
lirectly  to  the  turbine  shaft.  The  entire  cost  of  the  plant  was  about 
;10,CX)0.     It  was  built  in  1879. 

At  the  town  of  Prairie  Lea  is  located  the  gin  and  corn  mill  of  J.  J. 
Tones.  His  dam  is  120  feet  long,  8  feet  high,  and  is  constructed  of 
imber  framework  tilled  in  with  stones.  It  was  Imilt  in  1896.  The 
K)wer  is  derived  from  one  (Jl-inch  Alcot  turbine,  which  produces  45 
lorsepower  under  the  7-foot  head  o))t4iin(»d.  This  is  utilized  in  o|)er- 
Ltinga  gin,  corn  mill,  and  one  110- volt  Wiley  dynamo.  The  total  cost 
if  the  plant  was  alwut  $2,400. 

Three  and  one-half  miles  north  of  Luling  a  dam  of  timber  cribbing, 
illed  with  rocks,  about  120  fexit  long,  is  constructed  across  San  Marcos 
Jiver.  The  power  o])tained  by  it  is  uschI  in  operating  a  sawmill,  gin, 
rristmill,  and  the  Luling  electric-light  plant.  A  head  of  about  9  feet 
s  obtained,  and  one  50-inch  Samson  tur))ine  produces  about  67  horse- 
)ower.  The  dam  was  first  built  about  thirty  years  ago,  })ut  has  been 
epaired  from  time  to  time,  and  luis  tlierefore  been  practically 
enewed  at  least  once  since  then.  The  foundation  is  the  nmddy  bed  of 
he  river. 
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COIiOBADO  KIVER  (IN  TEXAS). 

)  draina^  area  of  the  Colorado  (tig.  1^)  exiends  into  the  south- 
>rner  of  New  Mexico,  and  in  its  course  the  river  is  fed  by  the  Con- 
the  Pecau  Bayou,  the  San  Saba,  the  Llano,  and  the  Pedernales. 


Fio.  9. — ^Map  of  vratenhed  nf  Colorado  River  iit>ovo  Austin. 
Power  plants  un  (.kylarado  Hirer  and  irUmtarie^. 


Locality. 

Owner. 
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About  11  niilos  from  Goldtliwaite,  in  Mills  County,  >L  D.  Wilfc 
(l)ost-offico,  Katler)  has  ronstructed  a  dam  of  logs,  roc*k,  and  ^niv»^l, 
4  foot  hi^jh,  across  C'olomdo  River.  The  power  develoi)ed  is  used  in 
openiting  a  mill,  ir\n^  and  irrijjfaticm  plant.  The  water  wheel  is  \\ 
feet  in  diamet«»r.  and  develops  15  horsepower.  Five  acres  in  peach<s. 
crmpos,  and  ^irden  can  be  irri^ited. 

In  Mills  County,  about  11  miles  we.st  of  Lometa,  just  below  the 
junction  of  the  San  Saba  and  Colorado,  Milam  Chadwick  owns  tind 
operates  a  power  plant.  The  dam  was  built  in  1879,  out  of  stone  aiid 
cedar  loj^s,  is  19H  feet  long  and  gives  a  clear  fall  or  head  of  5  fe^t. 
The  dam  is  curved  upstream  and  has  on  its  crest  a  course  of  burr  (wk 
logs  to  whi<'h  cedar  ))rush  is  spiked  and  bolted.  The  power  is  de\<d- 
ojx^d  by  a  86-inch  Letfel  turbine,  with  a  vent  of  5,850  square  inches,  and 
is  usually  run  one-half  open.  The  mill  hou"^e  is  located  high  upon  tlw 
bank,  out  of  reach  of  high  water,  and  the  power  is  transmitted  from 
the  turbine  sliaft  to  the  mill  house  by  a  wire  rope.  The  river  here 
has  a  reliable  flow,  and  the  power  is  usexl  for  running  a  flour  and  corn 
mill  and  a  cotton  gin.  The  demands  of  the  neighborhcKxi  are  nut  U 
operating  th(»  plant  one  and  oiu»-half  hours  pc»r  day. 

At  BlutTton,  ♦)()  miles  above  Austin  and  1*2  miles  above  Kingslainl.s 
dam  400  f^M't  long  was  constructed  in  1S98.  It  is  built  of  logs,  and 
the  powiM*  (levi^loped  is  used  in  <)]u»rating  the  gin  and  gristmill  of  ih? 
Tiiiincr  Hi'others.  Tlici't^  is  :i  natural  fall  here  of  S  foet,  and  tln'  «l:iin 
rais(\>;  the  water  an  additional  foot,  giving  an  etfective  fall  of  !♦  fret. 
The  (lam  cost  onh  'Sl'J.^,  and  was  constructed  to  tit  the  contiirui-ati(Hi 
of  the  cross  section  of  the  liver  hed.  At  d(H*p  plac(»s  planks  wriv 
used  as  a  face.  A  *J7-inch  doui)le  discharge  turbini*  is  us(»d  to  di'vel<f 
tiie  power.  The  water  is  convex  ed  from  the  lake  form<Hl  bv  the  dnni 
to  the  tiirhini*  l)v  a  mill  race  '2,  l(M)  feet  long  and  10  to  lii  feet  widt»,  ^vith 
a  (h'pth  at  the  dam  of  1  foot,  increasing  to  s  feet  at  the  wheel. 

At  Kingsland.  on  the  Llano  hranch  of  the  Houston  ami  Texas  CVn- 
tral  Railroad,  a  dam,  owned  hy  fl.  M.  McDanii^l  Si  Co.,  has  been  con" 
struct(»d  across  (.'oloi-ado  Kiver  al)out  1  mih*  from  its  junction  with  the 
Llano.  The  dam  was  built  in  I.^Jh;.  Is  .'»0(>  f(»et  long,  has  a  fall  of  .'4 
feet,  and  hacks  the  water  l\  nn'les  up  the  river.  A  framework  of  li\»'- 
oak  hrace>  co\  crtMl  with  »')-inch  ])ine  hnnher  constitutes  thi*  dam.  aii<l 
it  has  withstood  successfullv  several  Hoods  -  notablv  those  of  Juiir. 
1M»9,  and  April.  ll>0(i.  TJie  power  is  dexeloped  by  a  p*>o-inch  tnrhiin'. 
and  at  low  stages  of  the  river  '25  horsepower  is  utilized  in  rnnniiiL''  J^ 
is'in  and  mill. 

At  Marble  Falls  oi-curs  the  most  remarkable  natural  dam  alon*:  llio 
course*  of  the  river.  A  fall  of  about  I'J  U'oi  has  been  utilized  to  pump 
the  water  supply  for  the  city.  From  tin*  present  lake  level  above  the 
falls  to  the  head  of  the  tailrace  there  is  a  fall  of  U).4  feet:  to  the  eiul 
of  tlw  tail/*ace,  or  to  the  tnilnice  \)oud^  a  fall  of  ll>  feet  from  the  lake 
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ing  the  boisting  rope  was  Ijrougbt  inUt  motion  and  the  load  was  low* 
to  the  dam. 

Tht'  grtiiiit«  blocks  and  the  largt»f  limestone  rubhia  ntones  w 
hiitidled  by  inimnniw  torig-like  };ni>.s.  The  t-ement  and  sand  n 
loiidud  into  cagiis.  transportod  to  the  plact^  ot  const  rue  lion,  and  tl 
duiupwi  on  thfi  dam.  Tlie  i-pment  mortar  was  made  at  tlie  place  wl 
it  was  t<f  Iw  uH>d,  and  the  V>iiK-ks  of  ma-soury  were  plinx-d  where  ntie 
by  crane  derricks. 

A  wiru  rope  one-half  inch  in  diameter  was  iMed  in  cimntM^on  v 
this  i-ftblo  and  tuaddlo  to  prevent  excefiei\e  vibration  of  the  opt>ral 
it)IH'«.  On  lliifi  rope  tliero  were  biittonM  which  incn^asted  in  >-izc  fi 
the  tower  to  tbo  west,  nie  hoifttin)^  rojw  waa  .supportwl  at  differ 
jii>int»  by  itirrifrs  which  rested,  when  the  saddle  wiv  utatiouary.  on 
wain  eablo.  Thin  carrier  consisted  eiss*entially  of  two  ])arall(-l  )m 
bptwcpn  whloli  iind  near  the  lower  end  a  small  pulh'y  was  mipix>rtcc 
carry  the  hotHting  mpe.  A  wrieHof  slot«  were  arranged  in  the  up 
part  of  the  earriers  througli  which  some  of  the  buttons  could  pi 
When  near  the  east  tower  the  saddle  8upiH>rt«!d  all  the  carriers  <j 
horn.  In  moving  fixmi  the  tower  to  the  west,  the  smaller  )nit 
passed  through  all  the  carriers  except  the  last.,  which  it  took  off 
born;  the  second  button  passed  through  nil  the  remaining  si 
except  that  in  the  secmiil  cHrrifr^  wliirh  it  piilU-d  off  the  horn,  i 
The  carriers  were  thus  stripped  off  the  horn  by  the  buttons  and  res 
on  the  main  cable,  affording  a  groove  or  support  for  the  hoisting  p 
and  reducing  its  vibration. 

Not  only  was  there  lack  of  hydrograpbic  knowledge,  but  the  k 
tion  of-  the  dam  was  ill  chosen.  Under  the  dam,  near  it^  eastern  e 
fault  and  fissure  in  the  rocks  were  encountered.  The  fissure,  assta 
by  Mr.  Groves,  engineer  in  charge  for  part  of  the  time,  was  75  t 
wide  and  was  filled  with  clay,  with  an  occasional  bowlder.  Joseph 
Frizell,  the  chief  engineer  in  the  early  stages  of  the  work,  states  t 
at  a  point  .300  to  400  feet  from  the  east  end  of  the  dam  a  very  f  ria 
limestone  was  found,  and  in  1896,  in  a  letter  to  the  mayor,  he  war: 
the  authorities  about  this  dangerous  point,  and  suggested  some  s 
plemental  work  of  protection.  It  is  highly  probable  that  the  d 
would  have  been  standing  to-day  if  this  work  had  been  executed. 

The  minimum  flow  of  the  rivei'  was  overestimated  about  five  tin 
Measurements  taken  by  the  writer  in  March,  1899,  and  since  indie 
that  the  flow  was  less  than  200  second-feet  at  low  stages,  against 
assumed  1,000  second-feet.  The  flow  at  Marble  Falls,  70  miles  abi 
the  dam,  was  197  second-feet,  and  that  at  the  head  of  the  lake  a  day 
so  later,  no  rain  having  fallen  in  the  meantime,  was  210  second-ff 
Records  of  depth  of  water  on  the  crest  of  the  dam  were  kept  f  r 
September  1, 1895,  to  January  1,  1900.     The  maximum  and  aven 
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of  water  on  the  crest  of  the  dam  rh  given  >)y  the  gage  were  as 


Depth  of  vHiter  on  creM  of  Austin  dom. 


Year. 


Maximam  !  Average 
depth.  depth. 


1896. 
1897. 
1898. 
1899. 


Ff*t.  FfHtt. 

2.60  o.4<m 

2.  20  .  422 

4.  20  .  280 

M.m  .412 


Average*' 408 


ti.vouiit  of  the  iiiwiualities  of  tlio  <'r(»st  line  of  tfie  dam  all  depths 

•e  increased  bv  OJMK)  foot  to  get  an  avenige.  for  the  whole  spill- 

'  l,(m  feet. 

eriments  with  an  electric-eurrent  niet^u*  were  made  during  Jan- 

nd  March  of  1900  to  determine  the  coefficient  C  in  the  weir 

la: 

Q=CLII  |. 

results  indicate  that  for  the  Austin  dam  C  was  nearly  3.09,  the 
tic  coefficient  used  by  Frizell.  Substituting  this  value  of  C 
e  length  of  1,091,  we  get 

Q= 3,371  H  |. 

average  flow  through  the  penstocks  for  the  four  years  was  alx>ut 
5ond-feet.  The  following  table  shows  the  maxinmm  and  average 
lischarge  in  second-feet,  including  the  flow  through  penstocks: 


Gaffe  height  and  dlacharge  at  Austin  dam. 


Gage  height. 


Discharge. 


Year. 


Mnximuin.     Average.    .Maximum.     Minimum.  ,   Average. 


Fet'f. 


FotiL        Stcond-fid.  '  t>i'.om<l-fect. 


2.  (.U  0.  5a5  I  14, 100 

2.21  '       .7;U  I  11,000 

4.21  '       .326  29,000 

6.  SI  '       .421  i  108,400 


180 
200 
210 
180 


1,460 
1,200 
1,880 
1,170 


e  average  depth  on  the  crest  for  the  four  years  was  0.417.  Mak- 
1=0.417  in  the  weir  fornuila  gives  Q=l»10.  Adding  to  this  the 
through  the  penstocks,  the  average  flow  for  the  four  years  is 
(^Beoond-feet.     This,  with  the  conditions  prevailing  at  the  Austin 
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dam,  would  have  given,  if  it  had  all  been  used,  6,264  horsepower.  ; 
Thus  the  average  flow  would  not  have  produced  half  the  power  the 
minimum  flow  was  supposed  to  produce.  i 

The  maximum,  minimum,  and  mean  discharge  of  the  Colorado  at 
Austin  since  January  1,  1896,  are  given  in  the  following  table.  This 
does  not  include  the  flow  of  Bartons  Creek: 

Discharge,  in  second-feet ,  of  Colorado  Rii^er  at  AutHfu 


Year. 


1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 


Maximum. 


14,100 
11,000 
29,000 
103,400 
123,000 
40, 912 
31,250 
32,500 


Bfinimum. 


180 
200 
210 
180 
410 
175 
180 
320 


Mean. 

1,460 
1,200 
1,880 
1,170 
3,115 

1,  w* 

2,234 

l,:«0 


The  flow  of  the  Colorado  since  1896  is  shown  in  figs.  12  to  1^*. 
inchisive. 

The  Austin  dam  failed  on  April  7,  VMH).  Upon  the  present  ronditum 
of  tho  foundation  of  that  part  of  the  dam  that  was  broken  out  hintr*'> 
the  proper  interpretation  of  the  cause  of  its  failure.  So  imi^:)rtant 
was  this  sjx^cial  feature  that  the  writer  made  an  elaborate  set  of  sound- 
ings in  th(*  latter  part  of  U^no  in  that  part  of  the  broken  section  thi'outrh 
which  at  present  the  wat^M*  flows.  Four  lines  of  soundings  (marked 
X,  y,  z,  and  t)  were  made  parallel  to  and  at  distances  of  0,  16.5,  4il. 
and  i)0  feet  from  the  up[>er  fare.  The  result  is  shown  in  the  follow- 
in  cr  table.  Distan((»s  were  mc^asnred  from  east  bulkhead.  All  the 
soundings  were  to  solid  rock  except  those  marked  (S). 

SoundijKfn  ni  i^lfe  of  wrecked  portion  of  dam  DecemlfCTy  1900. 


I)isiHTU'e  in  f<H>t. 


HOO 
550 
500 


Depths  below  top  of  toe. 


Line  x.       Line  y.       Line  z.   \   Line  t. 


450 (S)12.(i 

400 :. 


360 


\ 


Feet.      , 

Fret. 

f\eeL 

,     Ftd. 

13.0  '. 

\Kh 

9.1 

10.1 

12 

10.9 

11.8 

11.9 

14 

)V>A\ 

12.9 

12.6 

14 

11.6  1 

11.6 

12.2 

15 

8.1 

8.9 

(8)  9.6 

'                1 

15 
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the  height  of  the  top  of  the  toe  of  the  dam  above  the  roc»k  bed 
river  was,  on  an  average,  6  feet,  and  as  the  foundation  was  not 
the  exception  of  the  trenches)  over  8  feet  below  ''  low  water,"  a 
5  at  the  above  table  will  convince  anyone  that  there  is  no  part  of 
andation  in  the  western  3(X)  feet  of  the  broken  section  remaining, 
the  present  ordinary  eastern  water  edge  a  large  sand  bank 
Is  to  the  end  of  the  eastern  standing  section,  which  covers  140 
f  the  former  bed  of  the  dam.  Soundings  were  not  made  through 
ind  bank,  but  the  crest  of  the  big  section  of  the  dam  caiTied  down- 
1,  but  still  standing,  is  on  an  average  only  4  feet  lower  than  the 
of  the  standing  dam,  which  indicates  very  clearly  that  its  foun- 
i  went  with  it,  as  it  is  resting  practically  in  the  old  tail  race, 
i  bed  was  lower  than  the  bottom  of  the  dam. 
ill  74  soundings  were  made,  and  07  of  these  show  that  the  depth 
i  rock  is  over  8  feet  below  '"  low  water,"  and  at  the  other  7 
ings  the  rod  could  not  Ix*.  driven  through  the  sand,  mud,  or 
I,  to  solid  rock.  At  no  place  was  any  solid  rock  encountered 
ir  as  8  feet  to  the  ''low-water"  mark  in  the  area  of  soundings, 
covered  a  space  of  18,000  square  feet. 

J  condition  of  the  foundation,  the  detached  standing  section  (BD, 
>),  and  the  condition  and  position  of  the  other  broken  section  that 


Fio.  20. — Plan  of  broken  dam  at  Austin. 

led  the  gap  and  that  disappeared  soon  after  the  break,  all  pre- 
the  theory  that  the  dam  broke  at  the  level  where  it  was  31  feet 
ickness.  This  level  was  25  feet  above  *'  low  water"  and  35  feet 
the  crest.  If  it  ])roke  on  this  level,  then  there  was  a  section 
J5  feet  high  that  broke  off  and  moved  back.  The  broken  sections 
d  down  the  stream  about  60  or  70  feet,  and  rested  in  a  position 
ically  parallel  to  their  original  positions  and  in  the  tail  race  of 
im,  the  bottom  of  which  was  lower  than  the  foundation  of  the 
If  the  dam  had  ])r()ken  at  the  level  of  35  feet  above  ''low 
•,"  then  when  the  upper  35  feet   of  the  dam  moved  off  three 
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things  would  have  occurred:     (1)  The  upper  part  would  liave  turnnl 
over  as  it  slid  off  of  the  lower  part,  which  it  did  not  do.     This  is  .\ 
shown  by  tlie  section  BI),  still  standing  (PI.  XIII,  ^1),  and  bv  the    | 
other  section  which  was  carried  bodilv  downstream  and  which  reniuimd 
upright  forty  minutes  after  the  first  break.     (2)  When  the  35-f(x>t 
section  moved  downstream,  if  by  any  possible  means  it  could  have 
slid  off,  then  fallen  a  distance  of  30  fet't  and  landed  in  the  tail  race 
in  an  upright  jwsition,  its  crest  would   have  been   30   feet  below 
the  crest  of  the  standing  portion.     All  this  is  disproved  by  the  facts. 
The  crest  of  the  standing  se<*tion  (PI.  XIII,  A)  is  only  4  feet  (instead 
of  30)  lower  than  the  original  crest,  and  that  of  the  portion  which 
stood  for  a  while  was  a-*  high  as  or  higher  than  the  original  crest  •(3) 
The  crest  of  the  standing  section  is  now  53  feet  above  ordinary  flow, 
whereas  it  would  have  been  only  alx)ut  22  if  the  dam  had  broken  at  the 
26-foot  level  above  low  water.     (4)  That  section  of  the  dam  carried 
downstream  and  still  standing  can  be  examined  and  the  25rfoot  level 
will  be  found  actually  intact.     The  position  of  these  sections,  horizon- 
tal and  upright,  indicates  that  the  cause  of  failure  was  a  sliding  out 
bodily  on  its  base  of  that  portion  that  failed. 

On  account  of  the  immense  importance  of  the  Austin  dam  as  an  engi- 
neering structure — it  l)eing  the  largest  in  the  world  across  a  flowinjr 
stream — th(»  writer  hero  submits  the  opinion  of  some  of  the  engintvrs 
who  were  coiineettHl  with  it  from  tinn*  to  time. 

Mr.  Frizell  has  said  that  the  location  at  Mormon  Falls,  2  miles  ai>ove 
the   chosen    site,   presented   points   c)f   decided   superiority    over  lb' 
locality  selected,  but  the  l)oard  of  public  works  tliought  that  location 
inconsistent  with  tlie  ])urposes  of  tiie  improvement.     Mr.  Frizell  dov^ 
not  consider  that   the  soluhilitv  of  the  rock  had  anv  bearinxr  on  the 
faihire,  and  sees  no  nnison  to  dou])t  that  tlie  innnediate  cause  was  the 
underniinintr  on  the  downstream  side,  caused  bv  the  abnisi^'e  action 
of  the  current  and  the  constant  stn^am  of  water  coming  from  t\\v 
power  liouse  and  tlowinof  alono-  the  toe  of  the  dam  on  its  way  to  the 
open   channel    of   the   river.      A    proo-ressive   weakening   is  attesto'i 
by  th(»  fact  that  durinof  the  precedino"  year  the  dam  had  withstood  a 
flood  substantially  as  vrv(K\t  as  the  one  in  which  it  failed.     The  toe  of 
the  dam,  wliicli  was  left  without  support   by  the  undennining,  con- 
tained oranite  ])locks  of  more  than  <>  tons  weight. 


It  is  (HI  ivconl  tliat  tin*  ])n'akinij:  »lnwii  of  this  iinsiii>i)ortt'<l  tiK:>  wan  imminent,  i" 
wliicli  cxcMit  t*;u'li  of  tht'so  stnncs  woiiM  Ihm'oiih^  a  millstoiu'  ( pro|H»lltMi  in  siu"''^ 
lI(M)(l  by  sdiiu' l',0(K)  h<)rst'i>()Wt'r  I  in  tiic  work  of  ^rirulin^  tht'  friable  rtK*k  bottom  *"'' 
cxtciKlin*,^  tlu'  iin<U»rniinin;r.  At  tlu'  wotKlon  dam  arros^^  Coiiiieoticnt  River*' 
Holy(»kt*,  MiL^s.,  an  action  of  tliis  kin<l  U'canic  tliri'atcninjjj  in  l.S(>6.  A  pit  -i'  ^''*'' 
(lecj)  had  formed  on  th«.'  (lownstnnun  side  of  \\\v  (hini.  Tliis  (hiiiger  was  met  l>y  f''** 
constniction  of  a  massivo  aju'tin  of  (•rih\V()rk  tilled  with  .stone,  which  prolon.-'^ 
tlu-  (hiniti<m  of  the  structun*  nion*  than  thirty  years,  or  until  the  t'onstructinii  <'t ''"' 
proicnt  stone  ( lam.     At  Austiu  \W  t'wvdiu'^'t  \\vvv\ \\\  vv^\\\vi\\v!5^lu.ti<)n  from  the  Ix'gin"'"^ 
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n  analogoos  work,  namely,  an  extension  of  the  massive  apron  by  a  bed  of  concrete, 
(>  be  applied  as  soon  as  the  abrasive  action  had  made  sufficient  progress  to  indicate 
he  character  and  extent  of  the  work  required  for  its  suppression. 

X.  Werenskiold,  one  of  the  engineers  of  construction,  in  a  letter  to 
I  friend  in  the  latter  part  of  1900,  said: 

There  can  be  no  doubt  that  the  failure  was  not  caused  by  any  defective  work  in  the 
iam  itself,  but  by  the  entire  body  being  pushed  downstream  and  broken  from  the 
iiteral  pressure  on  account  ot  too  small  frictional  resistance  under  the  dam.  It  is  also 
proven  conclusively  that  this  resistance  against  sliding  had  been  materially  diminished 
by  erosion  below  the  toe  of  the  dam,  and  to  that  extent  the  failure  is  chaigeable  to 
lack  of  care  in  maintenance. 

I  have  no  doubt  but  that  all  the  masonry  went,  or  slid,  and  I  am  inclined  to  the 
belief  that  some  of  the  rock  ledges  underneath  went  with  it.  I  think  it  possible  that 
the  foundation  might  have  been  good  enough  for  a  dam  without  overfall,  but  it 
proved  not  to  be  gooil  enough  for  this  lx>ld  structure.  I  think  it  probable  also  that 
^brations  of  the  dam,  caused  by  the  fall  of  the  water,  may  have  had  a  very  detri- 
mental effect  on  the  underlying  foundation  and  also  increased  the  lateral  pressure  of 
the  silt  and  earth  against  the  dam  far  l>eyond  the  generally  assumed  water  pressure, 
until  this  lateral  pressure  overcame  the  combined  bending  resistance  of  the  dam 
proper,  together  with  the  frictional  resistance  under  the  base. 

Ab  early  as  in  May,  1893,  in  reply  to  a  direct  question  from  one  of  the  leading 
members  of  the  board,  I  stated  that  the  foundation  under  the  east  end  of  the  dam 
^as  not  what  it  stiould  be;  that  it  was  hard  to  say  whether  it  was  safe  or  not,  but 
^t  I  thought  that  the  dirt  filling  against  the  dam  on  the  water  side  would  prevent 
^dermining  and  save  the  structure.  I  also  suggested  the  necessity  of  close  watch- 
dog below  the  dam. 

On  May  7,  1894,  when  replying  to  a  letter  from  another  of  the  leading  members  of 
^he  board,  I  suggested  that  they  make  borings  below  the  dam  for  the  purpose  of 
'^certaining  the  necessity  of  taking  some  precautions  for  the  safety  of  the  dam,  stating 
^t  there  might  or  there  might  not  lx»  immediate  necessity  for  so  doing,  but  that  I 
^Ueved  it  would  prove  necessary  in  the  course  of  time.  In  another  part  of  the  same 
^tter  I  suggested  concrete  or  paving  in  front  of  the  power  house.  From  this  you  will 
^How  they  were  not  without  friendly  warningn. 

But  in  spite  of  all  this  I  can  not  say  that  the  works  were  designed  and  built  with 
^'le  safety  or  precautions,  or  that,  t^)  my  knowle<lge,  proper  iK^rings  and  examinations 
'^  the  underlying  formations  were  ever  made. 

Mr.  J.  T.  Fannintf  remarks  as  follows: 

The  theoretical  stability  of  the  niaHonr\'  of  the  dam  in  its  normal  condition,  as  com- 
'Jeted  in  1893,  was  sufiicient  to  resist  a  much  gR'ater  volume  of  flood  flow  than  the 
"^od  at  the  time  of  the  break.  The  ntructure  substantiates  this  view  in  the  fact  that 
^e  westerly  part  of  the  lam,  nearly  one-half  it,H  length,  resisted  the  force  that  broke 
'^ta  mid  section.  It  is  evident  that  tliere  was  a  lar^e  surplus  (»f  resistance,  both  as 
^sliding  and  overturning  in  the  remaining  part  of  the  structure,  as  otherwise  the 
'Moving  sec'tions  would  hav(^  pulled  witli  them  those  portions  of  the  dam  now  stand- 
^  erect  in  place. 

Undercutting. — That  there  was  imdercuttiug  of  the  toe  of  the  dam  at  a  point  where 
«ie  dam  first  yielded  is  attest<Hl  ])y  soundings  made  Ix^fore  the  sliding  of  a  portion  of 
be  dam. 

A.  writer  in  public  print  has  attributed  this  undercutting  in  large  part  to  the  flow- 
^  of  the  tail  water  from  tlie  water  wheels  in  the  }>ower  house  along  the  toe  of  the 
l^m  toward  the  cliannel,  as  shown  in  PI.  XIII,  B.  This  theory  is  not  sustained  by 
be  facts. 
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This  diiiii  WOB  built  uu  tlii.-  rucL  bed  of  sii  tuicitMiI  channel  of  ■  gmt  tvna. 
ancient  ehurcB  ajv  of  mck  and  uearly  vertiral  to  the  height  of  the  danj.  Wl 
dain  WHS  constructed  the  modem  river  occnpied  lesa  than  halt  the  anrienl  riia 
channel,  and  the  remainder  of  the  cliannel>  covering  soinc^what  more  than  in 
erty  half,  was  occupied  hy  an  alluvial  depout  40  to  ISO  feet  in  depth.  A  nam 
«aa  made  through  this  de[X)sit  to  the  east  shore  for  placing  the  foundations  of  th 
dam  in  that  part  of  the  ancient  cluuinel.  The  tail-water  from  Ihe  pova  hdoa 
flowed  out  through  thia  i-ut  on  bed  roclc  to  the  tnodern  weHt  channel,  as  i-haaii  i 
PI.  Xin,  B,  and  hail  the  toe  of  the  dam  for  il«  right  shore  and  tbe  earth  depontltf 
the  other  shore. 

In  examining  the  theory  of  the  bed  n>ck  cutting  l>y  the  tail-water  alone  we  iilwm 
that  the  quantity  of  t«il-water  tlow  -wtut  urdlnarily  about  250  tnibic  feet  [>er  t« 
and  In  tbe  nairoweot  giart  of  the  chatmel  bud  a  velodly  of  about  2  feet  per  eectni. 
In  the  wideeeetion  oflhis-channe),  at  point  of  ncour,  the  tail-water  alone  b»l a i 
velocity  less  than  three-lontha  foiit  per  second.     The  theory  of  Bcoiir  ami  umlm* 
ting  of  the  rock  by  the  tail- water  tlowiu|;atthet«e  low  velocities  is  absurdly  errone* 

The  undercutting  was  probably  not  done  by  the  ncunr  of  extreme  floods.    It 
anileipateil  that  the  cutting  by  floods  would  beat  a  distancefrom  tlie  toeof  tU^il 
PI.  XIII,  /{,  ahowB  that  floods  passe-.!  over  a  B[iace  in  front  of  the  toe  of  theilomul 
did  their  cutting  of  Ihe  alluvial  depumt  below  the  line  of  tbe  lower  end  of  thi^  pim 
house  about  200  feet  from  tbe  too  of  the  dam. 

When  a  flood  glides  down  any  Bloping  face  on  the  lower  side  of  a  dain  its  cumni 
is  disrfaaif^  in  wihd  «i1reani  under  the  backwater  below  the  daui  somewhat  e 
in  tig.  21.     When  loge  pas  over  a  sloping  dam  with  the  flood  Uiey  first  appe^  at  ^^ 


Tia.  2L — Fan  nlBg"!!  ill  UBl  ration  of  Bow  of  w«ler  over  Austin  dam. 

flarhce  of  tbe  ebullition  at  some  distani'e  btlow  Ihe  dam,  as  at  ni,  in  fig.  21,  and  tim  | 
return  along  the  surface  toward  the  daui      The  greater  the  flood  depth  on  the  cn^  ] 
the  farther  froiu  the  toi'  of  the  dam  do  tbe  logy  appear  and  the  more  swiftly  the  lop 
return  with  {Iib  surface  current  toward  the  dam. 

BreiiiumUr. — In  a  cacu  such  as  is  shown  in  fig.  21  the  breakwater  comw  id  coat*^ 
with  only  the  toe  of  the  dam.  With  11  feet  depth  nn  Ihe  creel,  60  feet  fall,  and  S 
feel  of  backwater,  the  discharge  velocity  past  b  c  /  ia  great.  The  water  at  d  lif 
flows  back  over  the  swift  undercurrent  wilh  a  velocity  due  to  the  free  head  of  bwk' 
water  next  the  dam,  but  at  ilt;  surface  level  can  not  reach  the  dam.  These  effect*  of 
&0W,  wllich  may  be  observed  aluuLUY  Aams,  aeieai\.u'W%«\Kea.<n«TU)oked  by  i»* 
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on  the  Babject    It  is  illustrated  in  part  by  PL  XII,  B,  in  which  the  valley 
the  downflowing  stream  and  the  returning  current  is  filled  with  spray. 
!FIg.  21  IB  a  reprodoction  of  a  sketch  relating  to  theee  matters  explained  by  the 
to  members  of  the  board  of  public  works  at  Austin,  in  June,  1892,  when  he  first 
the  works.    The  foundations  of  the  dam  were  then  in  place  and  the  super- 
^«tractare  in  progress. 

In  computing  the  stability  of  a  masonry  dam,  the  weight  of  water  resultants  from 

-.M  to  6,  fig.  21,  have  usually  been  neglected.    So,  also,  have  the  reactions  of  the  tail 

-water  against  the  dam  throughout  the  fiowing  jet,  and  also  the  weight  reactions  at 

h  €  and  the  weight  of  the  water  at  d,  which  in  this  case  are  sufBicient  to  materially 

^_-mBhmD€e  the  factor  of  safety. 

&^  AB  at  the  toe, — Referring  again  to  the  undercutting  at  the  toe  of  the  dam,  which 
at  a  point  about  300  feet  from  the  easterly  abutment,  we  call  attention  to 
appeanmoe  of  the  low  and  moderate  fiows  at  the  fall  over  the  toe  of  the  dam,  as 
in  n.  XII,  Ay  and  PL  XIII,  B,  This  fall  should  but  slowly  cut  hard  lime- 
bat  might  cut  such  soft  stone  as  was  said  to  have  been  found  at  the  point  men- 
fyMicfOod.  At  the  right  of  fig.  21  is  a  sketch  suggesting  the  possible  effect  of  such  fall 
^  OBI  a  soft  rock  or  adobe  stratum.  A  fall  of  1  foot  to  surface  of  backwater  gives  a 
g  '^oluiity  of  about  8  feet  per  second,  and  of  2  feet  a  velocity  of  about  11.34  feet  per 
^  Ouuuudy  and  of  2}  feet,  as  observed,  a  velocity  of  about  12.68  feet  per  second,  each 
>  independent  of  the  velocity  acquired  down  the  slope. 

^  ■  The  failure  of  the  dam  was  attributable  to  a  local  weakness  in  the  rock  on  which 
^  ^  rested.  It  is  probable  that  the  friable  or  soft  stratum  under  the  part  of  the  dam 
first  moved,  and  which  was  not  removed  and  replaced,  became  so  saturated 
^itii  water  that  upward  pressure  from  the  pond  was  transferred  to  the  underside  of 
dam  in  sufficient  amount  to  neutralize  a  considerable  part  of  the  weight  pressure 
the  masonry  resting  upon  that  soft  rock  and,  furthermore,  that  this  saturated 
became  like  a  lubric^t  on  which  that  part  of  the  dam  had  but  moderate 
ice  againat  sliding. 

^ The  parted  sections  constituted  nearly  one-half  the  length  of  the  dam.    It  is  prob- 

that  the  section  of  the  dam  resting  on  the  formation  on  which  it  had  not  suffi- 

it  frictional  resistance  was  held  as  a  part  of  a  beam  until  a  vertical  cross  crack 

at  the  central  part  of  the  soft  section  at  B  (fig.  22)^  and  also  that  then  the  two 

adjacent  to  B  were  held  briefly  as  cantilevers  until  they  cracked  at  C  and  A, 

which  they  slid,  moving  slightly  faster  at  B,  the  point  of  first  crack,  until  they 

80  feet  forward  of  their  original  positions.    The  erosion  in  front  of  the  toe  of 


J  **»edam  was  not  so  wide  but  that  the  two  parted  sections  of  the  dam  slid  over  the 
^k^on  without  tilting  and  stood  erect  in  their  new  position,  as  shown  in  PI.  XIII,  A. 
In  such  constructions  it  is  usual  to  countersink  the  toe  of  the  dam  flush  into  the 

rock,  giving  it  an  abutment,  which  makes  sliding  impossible. 
Power-house  foundatUmt. — The  injury  to  the  power  house  was  a  remarkable  and 
iprecedented  accident 

The  foundations  remain  now  uninjured,  as  is  indicated  in  fig.  22.    The  basement 
[^indows  were  placed  above  the  40-foot  backwater  level  and  the  river  wall  was  trussed 
lerist  the  inward  pressure  of  40  feet  of  backwater.    The  wave  of  water  from  the 
t^tv^Kdcen  dam  rose  above  the  windows  and  broke  them  in  and  then  flooded  the  base- 
where  the  turbines  were  located.     As  the  floo<l  receded  the  basement  held  this 
r,  as  a  tank,  up  to  the  40-foot  level.     When  the  backwater  outside  had  next  day 
(tmlte  hours  after  break  in  dam )  fallen  l)elow  the  level  of  the  basement  floor  the 
'^Hloaed  water  pressed  a  part  of  the  basement  wall  outward  and  permitted  a  part  of 
Qie  floonB  and  roof  to  falL 

SU  ^ power  houH. — Some  one  has  stated  that  the  power  house  was  in  more  danger 
^VB  the  flow  over  the  dam  than  it  would  have  been  if  located  100  feet  farther  down- 
Its  position  as  constnicter  1  was  adopted  as  the  one  ol  gc^aX»&\.  ^sa&^\N  «xA 
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irtabilit}-,  and  iiIm>  in  pan  Ixtraniio  the  exlennion  of  tht^  abutiiit-iit  Utd  Btwl  pMltocta 
100  te«t  {artlier  wuuld  have  tjltlal  $20,0011 1»  Umlr  inwt  The  relative  i;-alianii(tte 
ilwaand  jHiwcr  hoiiso  nnt  apprrixinialdy  ohown  In  flR,  22,  In  thiesketdi  UFlatlw 
face  of  tlie  f^/tt  abulnituit.  hut  with  oian^mlwl  iiirvt'.  Thiv  easy  curve  cif  Ilie  nbnl- 
numt  w«s  proimrtioiMHi  with  purn  lo  'ii'fltipt  thr  flood  eutrenl  iu  a  ]>n.»letrnuinei 
direction,  so  llinl  it  iKiilId  not  i*oiir  h1oii£  Ilit  f»u*  of  the  power  house  fimni!* 
tiou  eRi*pt  UK  a  returu  eddy.  TJie  rvturn  oddy  flowinic  uptitmun  wniiM  I* 
weakest  ni«r  tli<i  datn,  wi  that  pan  of  the  (oiinilation  nvarest  the  dam  wkh  mlt^  <>l 
all  from  etonr  hy  flood.  The  foundailoiM  of  the  power  bonee  wt-re  uninjunxl  hy  On- 
roah  iif  watem  ilaslieii  a^inat  thu  buildiun. 

Tht>  qupHtion  of  ivlmildin^  the  dam  is  nut  considered  in  these  pagfN 
for  thp  reai^oii  tbnt  it  will  rc^uim  expci't  t'xamination  of  the  wbok 
question.  The  paruuiount  factor,  at^ide  from  the  financiRl  fc8tur«\ 
will  }«•  the  chanu'ter  of  the  foiindntion. 

Mr.  Wilbur  F,  Foster,  of  Nnshville,  Tonn.,  upon  inntatioti  of  the 
committi^e  appointed  b^'  tliu  wtiter  iind  light  eommissioti  to  cnnsiilcr 
wajH and  Difaiw  of  rubuildin);  tlie  daui,  after  visiting  Aiu^tin  tmd  I'jtaia- 
ining  the  d«ni  site,  submittt-d  the  following  report: 


Any  estimate  of  this  kind,  iu  the  abBeuiv  of  definite  plane  aiid  Bpeciflcationfl  W™*^ 
an'  to  lie  complied  with,  is  al  best  uBt-eniiitt  a\u\  wiwsAirfaptory;  and  in  ihisi^'' 
liae  /)-""■  s-^imed  (hat  those  whvcVi  toirtttAWV  ttw  "iSaviui.  wmATOWcvaa-iioiiW^, 
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in  the  renewal,  in  oider  to  preserve  uniformity  of  appearance  of  the  entire 
in  completed,  hut  with  such  modificationfl,  to  secure  stahility  and  for  the 
conomy,  as  are  herein  suggested  for  your  consideration, 
port  herewith  submitted  is  from  the  standpoint  of  a  builder,  guided  by  some 
ce  in  construction  of  similar  work  in  other  localities  and  from  information 
in  your  city  as  to  various  details  of  cost,  and  will,  therefore,  ignore  tech- 
istions  as  to  cause  and  manner  of  failure,  etc.,  which  have  been  so  ably  and 
vely  discussed  by  well-informed  and  intelligent  observers  who  have  given 
ae  to  the  study  of  the  facts.  Only  the  conditions  as  they  now  exist  wUl  be 
5d. 

igineering  problems  involved  demand  the  most  painstaking,  careful  invest!- 
nd  these  you  will  doubtless  submit  to  some  member  of  that  profef^ion  in 
>u  have  entire  confidence,  and  whose  advice,  plans,  and  spe<;ifications,  when 
pted,  as  well  as  his  instructions  with  regard  to  details  during  the  progress  of 
:,  you  will  rigidly  abide  by.  I  may  be  pardoned  for  suggesting  that  some 
lestions  thus  to  be  most  carefully  studie<l  in  the  light  of  the  unfortunate 
ce  you  have  had  are: 

bether  it  will  not  be  better  to  abandon  entirely  the  present  location,  and  in 
ig  adopt  one  by  which  you  will  avoid  the  "faults*'  or  unreliable  strata  in 
3gic:al  formation  which  seems  to  have  been  the  prime  cause  of  the  trouble 
e  had,  both  with  the  foundation  of  the  dam  and  the  construction  of  your 
1  masonry  and  power  house.  Of  course  a  large  amount  of  material  will  be 
t  by  salvage  from  the  old  dam  when  removed  and  from  the  debris  from  the 
lestroyed. 

rveys,  soundings,  and  careful  investigations  already  made  by  the  eminent 
nal  gentlemen  who  have  been  connected  with  your  work  heretofore  will 
acilitate  the  decision  of  this  point. 

hether,  in  view  of  the  observed  action  of  the  overflow  in  time  of  flood,  a 
tion  pf  the  profile  or  cross  section  of  your  dam  is  not  advisable,  wherever  it 
built,  the  upstream  face  to  be  battered  or  offset  in  lieu  of  vertical,  and  the 
^m  face  to  have  flatter  slope,  thus  increasing  the  weight  of  the  mass  and 
larger  frictional  area  upon  the  base. 

careful  consideration  of  the  merits  of  the  fossiliferous  limestone,  which  is 
t  in  the  vicinity  of  the  dam,  as  a  building  material.  It  does  not  seem 
le  that  stone  which  has  withstood  the  action  of  the  elements  for  untold 
aid  be  condemned  as  altogether  worthless.  In  view  of  the  excessive  cost  of 
both  in  quarry  cost  and  transportation,  as  given  to  me  in  Austin,  I  l)elieve 
limestone  of  the  vicinity  should  be  used  in  the  upstream  face,  at  least  to  a 
irteen  feet  below  the  crest  of  the  dam,  and  quite  possibly  on  a  portion  of 
istream  face  also,  and  that  it  will  be  reliable  for  strength  and  durability  in 
ion. 

ing  that  these  and  other  details  will  hereafter  l)e  decided  by  your  engineer, 
deavor  to  answer,  as  briefly  as  ponsible,  the  inquiry  of  Mr.  Caswell,  guide<l 
ersonal  examination  of  the  locality  and  by  my  ]>est  judjrment  a*<  to  the  cost 
.rious  items. 

•it  be  assume<i  by  some  that  inasmuch  as  the  total  length  of  the  dam  between 
ts  is  1,091  feet  and  its  total  cost  was  about  $611,000,  and  as  a)x)ut  91  feet  at 
end  and  500  at  the  west  end  remain  standing,  that  tlie  interval  500  feet 
1  replaced  for  its  pro  rata  of  the  total,  or  about  $800,000.  This  supposition 
9und  erroneous  for  several  reasons: 

le  shattered  condition  of  the  91  feet  now  standing  at  the  east  end  makes  its 
and  reconstruction  a  necessity,  and  inasmuch  as  this  is  at  a  place  where  a 
iblesome  leak  occurred!  after  completion  of  the  dam  it  is  probable  that  the 
on  itself  ought  to  be  excavated  to  greater  depth. 
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1,2)  A  \*TgB  maaa  of  tlitt  •ii'lKiluil  iIudi  ie 
trom  Its  original  ixwitioii  In  h«  v^v  itiiii-) 
KiA  nuiet  1w  removed. 

(3)  A  very  large  ileposit  of  eariii  and  silt  vasi  of  the  |ir«>«Dt  vhannel,  »!»•  ilmig 
tlic  lot- of  tilt*  ilani  (III  tliu  wttst  side  of  the  I'hBimel.  iniut  beivutovixt  fur  I'ontilnirtiuB 
of  new  work. 

(4 )  All  (•uiiiiliiutioii  by  maad'iajf  with  an  iron  roil  reveals  the  fact  that  Xhr  li»t 
nM.-k  in  th»  ch*nnrl  through  whit-h  the  river  is  now  AowiiiK  >»  an  irregular  .<iirfvp. 
nuiginK  fri>m  8,<t  to  IS.ii  het  below  ihcMBiuiied  ](iw-wat«r  line,  which  was  tlivb^ 
of  the  toe  »f  thn  il'iiii  aa  built.  This  is  Uie  reBiilt  of  seven  soiindinga.  a 
conclnBive  proof  thiit  not  only  the  fiiund>lian  stone  u  goac  fnim  this  portion  nf  tliF 
daiOt  1)ut  that  the  be*)  ruek  itself  has  been  broken  up  and  washed  out  t( 
tmmm  places  (if  more  lliaii  S  ftx't.  The  average  of  these  wiuudings  ig  lO-J^-taf,  tei 
whUe  it  is  itui  iX!rtsin  that  thht  mnditioQ  exteniU  la  the  eastern  end  of  Iheaiv. 
it  will  nut  be  safe  to  estimate  otherwise,  as  it  is  probable  that  if  not  waahed  a 
ICAHt  tlmt  iQui'h  would  have  to  be  reinox-ed  before  rebuilding.  This  breiik-u|>  "I  tlit 
bed  ruek  1  have  aiwameil  to  be  from  a  point  fS  feet  above  the  upper  fac^ 
tt  luin  20  feet  l)elow  the  tue.  This,  tlien,  will  make  a  pit  483  feet  loii^  by  M^lrr* 
wiile  by  4. 8  feet  deep  w  hich  must  be  filled  with  masonry  or  eonerete  hefop-  i^ai'hJw 
the  base  of  the  origiuul  darn. 

(5)  It  eeenis  to  me  imperatively  neceesary  that  the  toe  of  the  dam  its  entirv  Iri. 
flhould  be  protected  by  an  apron  of  masonry  or  concrete  to  prevent  tindemtii) 
This  I  have  eetimated  as  1,100  feet  long,  average  width  20  feet,  average  ileplli  3  Iwi 

(6!  In  uiy  estimate  1  assiuued  tliat  the  upstream  face  wail  will  be  built  i>f  lii" 
stone  to  a  height  14  feet  below  the  I'reet  of  the  dam  and  will  have  a  slope  i>r  Ivni 
of  3  inches  to  1  foot  vertical.  This  will  add  442  feet  to  the  original  sectional  un  ■ 
the  dam,  making  it  2,<t42  feet.  The  up[>er  14  feet  of  the  upetreaui  fiiee,  the  ivpiiii 
and  the  downstream  face  all  to  be  of  granite,  as  in  original  plans.  All  thin  mHI  ' 
shown  more  fully  by  the  sketch  (fig.  23)  which  I  herewith  inclose,  showiniii^ 
gcfted  profile.  It  is  suggested  that  the  entire  filling  or  interior  shall  consist  "i  e<i' 
crete  made  of  American  Portland  cemeut. 

( 7 )  The  cost  of  tile  contmctor'H  plant  or  outfit  under  conditions  like  Ihe«e  is  i|i"^ 
as  great  for  the  construction  of  a  dam  tMH)  feet  long  as  for  the  original  lengtti  of  1, 
feet. 

With  the  above  explanations  I  submit  the  following  estimate  of  coel: 

Earth  excavation,  wet  and  dry,  21,000  cubic  yards,  30  cents,  (0.300. 

Rock  excavation,  2,000  cubic  yards,  $1.00,  (3,200. 

Removal  of  masonry  now  standing,  14,000  cubic  yards,  $1, 114,000. 

liranite  coping  iwiirse,  1,373  cubic  yards,  $19, 126,087. 

Granite  facing,  downirtream,  5,535  cubic  yard»,  fll.75,  165,036.25. 

Granite  facing,  upatnsm,  (>84  cubic  yardfi,  f  11.50,  97,666. 

Coursed  limestone  masonry,  upstream  face,  4,738  cubic  yanls,  *7.-'i0,  $3.'S.S.W. 

Concrete  filling,  65,749  cubic  yards,  S5.&0,  $300,019.50. 

Total,  ?464,64.1-75. 

Deduct  for  salvage  of  granite  in  old  dam  and  d^brid,  3,026  yards,  $7,  t21,l"S- 

Total  net,  fH3,4«8.76. 

In  the  above  estimate  it  is  assumed  that  the  granite  work  can  be  done  at  thi?  s" 
prices  as  in  the  original  contract,  uotwilhstandiitg  (he  increased  figures  py" ' 
when  in  Austjn.  It  is  also  ussumeil  that  all  the  work  will  be  laid  in  Americnii  P^ 
land  cement  mortar  of  approved  qoality. 

Incidentally,  while  at  the  site  of  the  dam,  I  made  a  measurement  of  the  flo«" 
the  stream,  which  was  said  to  lie  at  a  stage  lower  than  for  many  years.  This  tilmW*' 
ment,  which  was  of  tlie  rudest  type  and  without  any  facilities  for  pecuring  acri"*l' 
iDcIicated  a  flaw  of  360  cuVac  IvA  pet  aecuiid.    V  a.\wi  >3XiMained  the  ground  a 
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■t  aide  of  the  river  and  found  that  .by  catting  a  channel  100  feet  wide,  with  an 
enige  depth  of  about  50  feet,  and  approximately  1,000  feet  long  from  the  canyon 
Bee  Creek  southwardly  to  a  ravine  which  empties  several  hundred  feet  below  the 
m,  a  spillway  might  be  obtained,  which,  with  10  feet  of  water  on  the  dam,  would 
m  a  volume  of  water  equivalent  to  a  depth  of  1  foot  over  the  crest  of  the  dam.  The 
cavation  would  be  solid  rock,  would  probably  cost  $150,000,  and  is  only  mentioned 
mv  attention  w^an  directed  to  the  matter. 

In  this  report  I  have  made  no  attempt  to  determine  the  extent  or  estimate  the  cost 
work  to  be  done  in  reconstruction  of  the  power  house.  Whetlier  the  head-gate 
Monry  must  be  rebuilt,  whether  the  penstocks  and  turbines  should  be  low^ered, 
bether  two  or  three  penstocks  will  not  l)e  sufficient  in  lieu  of  six,  and  whether  the 
ver  wall  of  the  power  house  should  be  luore  solidly  rebuilt  are  (juestions  that  can 
)  best  decided  by  those  who  art^  familiar  with  all  the  detailn  and  who  know  the 
!went  condition  of  the  plant  and  the  cost  of  all  the  items  involved. 
One  detail,  however,  should  not  l)e  overlooked  or  nejfle<rted  in  any  event.  The  tail 
loe,  by  which  water  is  discharged  from  the  turbines,  should  be  so  directed  that  the 
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Fig.  28. — Farter's  iraggested  cnym  dection  for  rebuilding  Austin  dam. 

rrent  will  not  scour  along  the  toe  of  the  dam,  thus  endanperinj?  itn  stability,  ho*'- 
er  carefully  it  may  l)e  protected. 

In  conclusion,  I  would  pav  that  the  estimate  herewith  fiirninhed  is  concurred  in  bv 
y  business  partner,  Mr.  R.  T.  Creighton,  w^ho  was  present  and  aH.«i8ted  in  all  the 
caminations  and  measurements. 

It  will  be  obsen-ed  that  Mr.  Foster  concludes  from  his  soundings 
lat  not  only  the  foundation  stone  ])ut  part  of  the  bed  rock  was 
^rn  up  and  washed  away.  It  will  Im*  reni(»iH})er(Hl  that  Superintend- 
ntH.  C.  Patterson,  in  a  report  to  th(»  wat(»r  and  light  commission  in 
uly,  1900,  said  that  "  the  original  foundations  were  in  no  way  dam- 
ged,  and  in  all  cases  not  less  than  6  feet  of  the  footing  courses 
emained."  The  writer  has  made  many  soundings  at  the  dam,  the 
'csults  of  which  have  been  confirmed  by  Mr.  Foster's  report. 

Since  the  failure  of  the  Austin  dam  the  city  has  ))een  operating  its 
^rworks,  electric-light   plant,  and  other  motors  for  commercial 
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[)urpo»^s  witli  »t<>am  jHiwcr.  Btwimiuiit  oil  has  boon  uned  as  a  fuel  fori 
th(!  jrri'.iiU'r  (Jiirt  of  tlm  time.  Th<?  fuel  bill,  with  the  iiecessnry  ctmnii 
of  boilers,  hii-s  amount^  to  almiit  (5G0,IKX»  per  ytsar.  This  represent*  ■ 
in  rountl  niiuilx'rs  the  amount  that  the  wat«r  power  was  saving  the  ci^ 
per  year.  The  nioft  econnmieal  plau  upon  whiuh  the  daui  uouW  be 
rc>iuilt  would  Ik-  to  design  a  watur-powur  plan  to  utilize  the  ortliiuii^ 
flow  of  the  rivnr,  and  to  add  an  auxiliary  »te»ni  plant  of  a  I'apncitr 
tHiuul  to  tbo  power  thut  would  lie  generated  by  hh  anioiinl  of  water 
represented  Ity  thn  difference  iMstwoen  the  low  ordinary  flow  and  the 
miniumui  flow.  In  the  fiice  of  the  priisent  fuel  hills  the  rebuilding  h( 
the  dam  becomes  an  tin im' rati ve  ejonoinie  and  pulilic  nciessity. 

POWER  DEVELOPMENT  AT  COLUMBUS. 

A  gaying  station  was  estabJiuhud  at  Columbus,  Tex.,  in  DecMuber, 
U'Oli.  The  gage  oonsi«t«  uf  a  plumber's  ehain  Lagged  every  footwilli 
a  lead  weight  altat^'hed  as  a  sounder.  Tlie  zero  of  the  gage  i.s  .511 M 
below  the  top  of  the  cylindrical  pier  under  the  southwest  batter  linut 
of  the  mid  span  of  the  highway  bridge  near  the  jail.  The  gage  hi« 
niso  been  marked  otT  on  this  pier,  reading  to  one-fourth  of  a  foot.  The 
obBerver  at  this  station  is  W,  E.  Bridge,  the  sheriff  of  CoJonuh 
Ooimty,  whose  residence  is  witJiin  3tK)  feet  of  the  gage.  Mensiu*- 
mentii  are  made  from  this  highway  bridge,  a  cross  section  of  which  i< 
shown  in  fig,  24.     The  Si'ctioii  U  not  absolutely  permanent,  aa  the- 


Fill.  21 ,— Ome  serlion  ol  Crilondo  River  St  ColnnbUL 

river  malies  an  innuense  bend  just  above  the  bridge,  and  while  vetv 
few  measurements  have  been  made  so  far,  thej^e  indicate  that  the  l)ol- 
tom  of  the  river  is  not  permanent,  but  that  its  depth  l>elow  the  datum 
or  bridge  chord  varies.  The  top  of  the  horizontal  chord  on  the  dowii- 
'  stream  face  of  the  bridge  is  50.6  feet  above  datum. 

At  Columbus  higHway  bridges  cross  Colorado  Kiver  north  and  va^t 
of  the  town,  about  one-half  mile  apurt  in  an  air  line  and  alKiut  It)  mili^-- 
apart  by  the  river.  There  is  n  clear  fall  of  11  feet  in  the  river  at  loff 
stages.  Just  above  Prairie  Street  Bridge  (the  north  bridge)  is  a  riffl* 
in  the  river  where  a  dam  could  be  located  to  deflect  the  wat«r  into  » 
canul  connecting  points  near  the  bridges.  In  1S87  W.  R.  Freeman.* 
civil  engineer  of  San  Antonio,  nuide  the  following  report  in  regard  I" 
the  poa^iible  water  power  at  Columbvia-, 
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I  have  made  allowance  acooTdingly  and  find  that  the  minunum  available  power  it) 
S  horaepower  per  foot  of  ftill,  with  a  certain  thing  on  100  horsepower  at  onlinary 
»w  water.  The  site  choeen  for  the  dam  is  at  the  top  of  the  riffle,  just  above  Prairie 
fcraet  Bridge  (north  bridge),  as  it  poesesses  many  a<l vantages  over  all  others.  The 
leurity  of  the  dam  and  head-gates,  if  pn>perly  constructed,  is  assured  at  this  point, 
hfle  Uie  exjiense  of  the  structure  is  greatly  reduced.  The  length  of  the  canal  would 
B  4,800  feet  and  the  greatest  depth  36  feet.  To  complete  the  dam,  penstocks,  and 
ifficient  capacity  of  canal  and  tailraces  to  obtain  1,000  horsepower  at  the  lower  end 
fonld  cost  about  $70,000,  exclusive  of  land  and  right  of  way.  With  this  (^onstruc- 
ion  the  whole  2,000  horsepower  can  be  utilized  at  any  future  time,  when  needed,  by 
imply  enlarging  the  canal.  I  have  calculateil  on  raising  the  water  to  obtain  20  fei^t 
iH,  on  building  the  dam  of  live  oak  on  pile,  on  making  the  canal  'SO  feet  wide  at  the 
tottom,  and  on  fixing  penstocks  for  six  turbine  wheels.  1  have  made  approximate 
atimate  on  three  different  lines  of  i^nal  and  three  separate  locations  of  the  dam. 

The  cost  of  dam,  canal,  etc.,  is  as  follows: 

Length  of  canal,  4,800  feet. 

Excavation,  208,000  cubic  yards,  at  20  cents $41,  HOC) 

^m  300  feet  long  (live  oak) 10,500 

Be«d-gate8 2,500 

^nstocks  and  tailraces 7, 500 

Total 62,100 

With  10  per  cent  allowance  for  contingencies  the  amount  would  be  $(58, 310. 

As  to  the  damage  from  extreme  floods,  my  estimates  from  the  dam  and  head -gates  are 
Uple  to  provide  for  the  necessary  protection  at  the  upper  en<l  of  the  canal,  but  I 
Oold  reconmiend  the  construction  of  an  intermediate  gate  to  prevent  any  flood 
ater  from  the  sides  of  the  canal  from  creating  a  I'urrent  sufficient  to  produce  scour 
^  the  sides.  I  have  assume<l  that  the  material  through  which  the  canal  is  to  \h* 
ccavated  is  of  such  a  character  as  to  stand  on  an  average  slope  of  one-half  horizontal 
>  1  vertical,  and  from  what  I  have  ascertained  I  have  ever}'  reason  to  l)elieve  it  will. 

Having  made  a  careful  examination  of  the  river  for  6  or  7  miles  al)<)ve  the  pro- 
osed  location  of  the  dam,  I  am  please<l  to  state  that  by  raising  the  water  to  a  head 
f  10  feet  at  the  dam  the  backwater  will  only  reach  a  point  alxmt  6  miles  up  the 
ver,  at  which  point  I  have  established  a  monument.  I  also  find  that  the  1>anks  of 
le  river  are  abrupt  for  a  height  of  alx)ut  25  feet  the  entin'  distance,  thus  obviating 
he  possibility  of  flooding  any  private  property  of  any  kind. 

CONCHO  RIVER. 

On  the  North  Concho,  in  Sterling  County,  the  McGce  Irrigating 
Company  built  a  dam  in  1S94.  Then*  an*  ten  dams  across  the  Concho 
in  Tom  Green  County  for  irrigation  puiT;K)scs,  the  most  elahonitc  of 
which  is  the  Cunningham  dam,  near  the  site  of  the  old  town  of  Ben 
Ficklin. 

The  only  two  j>ower  plants  in  Tom  (Tn'cn  County  at  prcs(>nt  are 
l<>cated  on  the  outfalls  of  the  Bazo  and  Bismarck  irrigation  ditches. 
The  former  belongs  to  Thomas  Vinson,  and  is  one-half  mile  noi*th  of 
Knickerbocker,  on  the  Baze  ditch.  The  water  is  furnished  by  the 
^I'rigation  ditch,  which  is  the  feeder  both  of  the  irrigation  system  and 
^f  the  power  plant.  The  head  on  the  turbine  is  15  feet,  and  the  length 
^^  tail  race  from  the  gin  to  the  creek  is  1,000  yards.    It  is  estimated 
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that  15  horsopowcr  is  developed  by  the  24-inch  turbine,  and  this  U 
used  in  (>])onitin^  the  7o-sii\v  ^in.  The  cost  of  the  whole  power  plant 
was  $l.4(H).  PI.  XIV  is  a  view  of  l^n  Fieklin  Falls  on  the  South 
Conrho. 

Ten  miles  south  of  San  Anfi^elo,  on  the  Bismarck  ditch  that  tikes  its 
waters  from  the  South  (V>neho,  is  located  the  power  plant  of  Baynei 
Jones,  which  oiH'nites  the  Bismarck  gin.  The  dam  on  the  river  that 
deflects  the  water  to  the  ditch  is  4  feet  high  and  is  built  of  oedar  tim- 
}M>r.  brush,  and  stone.  At  the  gin  on  the  ditch  there  is  a  fall  of  l^ 
feet,  but  the  turbiiu'  is  an  old-fat^hioned  one  and  its  efficieincy  is  erti- 
mated  at  about  *M)  per  cent.  The  plant  is  run  ten  hours  per  day  dnrin}^ 
the  ginning  season. 

Near  San  Angelo,  on  the  main  Concho,  a  dam  was  erected  by  the 
Concho  Water  Company,  of  which  J.  L.  Millspaugh  is  manager.    The 
dam  was  built  of  stone.     The  main  part  across  the  river  proper  con- 
sists of  stone,  which  is  to  extend  into  the  stone  abutments.     Butearlv 
in  \w:\  a  floo<l  on  the  South  Ccmcho  cut  thnnigh  the  mill  race  into 
the  river,  throwing  the  flcMxl  around  the  end  of  the  dam,  thus  chang- 
ing the  channel  of  the  river.     The  length  of  the  spillway  is  166.5 
feet  and  its  height   1 1   feet,  while  the  height  of  the  massive  stone 
abutments  is  Is  d^vt.    The  dam  deflects  the  water  into  a  canal  800 feet 
long,  1.*)  fe(»t  bottom  width,  iV)  feet  top  width,  and  an  average  depth  ■ 
of  7  fret.     A  head  of   17  fe(»t  will  })e  obtained  at  the  power  houji^ at  f 
the  h>wer  rnd  of  the  rjinal.     The  power  generattKl  is  to  }yc  utilized  ii 
opcniting  tlie  waterworks,  pumps,  dynamos,  and  for  irrigation  pur- 
po>('s.      Thr  smplu"^  power  will  be  sold  to  power  users  in  San  Angela 

Aero>>-  Coneiio  Uiver.  jit  Paint  Ho<k,  the  ctmnty  site  of  C>oncL» 
County.  :in  iniieN  below  San  Angelo.  a  dam  4  feet  high  and  180  f<t't 
Uu\^^  h'A^  been  eoiist  riieted  {){'  stone  and  cedar  ]H)sts.  The  dam  beloniT* 
to  the  Pniiit  Koek  Water  C()mpany  and  was  })uilt  in  181H).  The  powi' 
is  used  to  operate  tiie  eity  wateiworks.  a  mill,  and  gin.  The  whet'i  i> 
a  hrea^t  paddle  wheel.  !♦'>  fret  in  diamet(M*,  and  in  addition  to  openii- 
inu-  the  «iin  it  pinnp>  \Nater  into  a  reservoir  42  feet  alx)ve  the  town 
level.  The  watei*  "-npply  here  is  unfailing  and  is  amply  sulSicient  for 
all  demands. 

SAN    SABA    RIVER. 

San  Saba  Kivei'  ri>e>  in  two  >prings  near  Fort  McKavett,  in  th«' 
w<'>tern  i)art  of  Menard  (ountv,  and  tlows  in  an  <*asterlv  din»ction  fei" 
t)ver  Ion  niiles  to  it-^  junction  with  the  Colorad(».  Ik»tween  Fint 
McKavett  and  Menardville  the  river  is  fed  by  many  springs,  sonic  *>f 
which  are  utilized  for  small  irrigation  plants  before  their  waters  join 
the  San  Saba.     The  larg(»si  of  these  springs,  known  iis  the  Wilkinson 
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taring,  is  situated  above  Menardville,  on  the  farm  of  W.  J.  Wilkin- 
M)n,  and  forms  the  headwaters  of  Clear  Creek,  a  stream  about  3  miles 
long.  Its  waters  are  partly  utilized  for  irrigation,  and  there  is 
snough  water  to  irrigate  1,500  to  2,000  acres.  A  resident  of  thirty 
'ears  states  that  the  flow  of  this  stream  is  slightly  greater  in  summer 
iian  in  winter.  The  discharge  of  Clear  Creek  as  measured  in  the 
tunmer  of  1902  was  25  second-feet,  and  the  variation  in  flow  is  so 
ery  slight  that  its  capacity  for  power  or  irrigation  purposes  would 
e  practically  constant. 

Four  miles  above  Menardville  the  Noyes  ditch,  J)  miles  long,  is  taken 
tit  of  the  San  Saba  and  deflex;ts  most  of  the  normal  flow.  This  ditch 
Jeds  the  Noyes  irrigation  system  above  and  below  Menardville. 
•elow  Menardville  the  Sieker  and  Kitchen  ditches  are  taken  out  of 
xe  river  on  the  north  side.  They  are  described  in  Water-Supply 
'aper  No.  71. 

Twelve  miles  below  Menardville  the  San  Saba  enters  the  canyon, 
rbich  it  traverses  for  50  miles.  The  canvon  tinallv  widens  into  rich 
alleys  at  a  point  known  as  ''The  Narrows,'"  17  miles  above  the  town 
»f  San  Saba.  In  June,  1902,  the  San  Saba  at  this  point  had  a  dis- 
barge  of  25  second-feet,  which  can  be  relied  on  as  the  minimum  flow, 
«  practically  no  rain  had  fallen  in  the  San  Saba  watershed  for  the  two 
'ears  previous.  While  the  discharge  at  Fort  Mi^Kavett  is  more  than 
•bis,  and  while  Clear  Creek  and  the  smaller  streams  double  this  flow 
^•bove  Menardville,  the  irrigation  systems  in  Menard  County  prac- 
-ically  take  all  the  water  at  low  stages.  When  this  measurement  of 
^second-feet  was  made  at  '*The  Narrows"  the  river  was  reported  as 
*ot  flowing  above  the  mouth  of  Brady  Creek.  Twelve  miles  above 
^n  Saba  the  Sloan  Spring  emerges  from  the  foothills  of  the  Edwards 
Plateau.  It  has  a  capacity  of  0  second- feet,  and  the  water  is  utilized  in 
^ne  of  the  most  effective  irrigation  systems  in  Texas. 

The  San  Saba  is  at  present  almost  undevclopod  as  a  water-power 
stream.  Its  capabilities  for  power  or  irrigation  rank  with  the  best 
*ivers  of  the  State.  Its  reliable  flow  from  Fort  McKavett  to  it«  mouth 
^rks  it  as  a  stream  of  great  usefulness.  Four  miles  east  of  Monard- 
^Ue  on  the  main  ditch  is  the  water-power  gin  of  Gus  Noyes,  where  a 
fall  of  23i  feet  is  obtained.  Power  is  developed  by  a  23-inch  Leffel 
turbine  and  is  used  in  operating  a  gin  of  150  saws  and  for  a  corn  shel- 
^«r.  The  whole  flow  of  the  ditch  is  used  for  iK)wcr  after  the  irrigation 
**«a8on  is  over.  Forty-two  horsepower  can  be  developed  by  a  flow  of 
^  second-feet. 

On  Mill  Creek,  that  skirts  the  town  of  San  Saba,  there  are  two  dams, 
-'■kis  creek  is  supplied  by  four  springs  of  constant  flow.     Their  com- 

IBB105— 01 5 


66  WATER   POWERS   OF   TEXAS.  [no.  106. 

bincd  flow,  as  measured  on  December  18,  1901,  was  10  second-foet. 
The  dam  is  built  of  masonry,  15  feet  high  and  4  feet  wide  at  top.  The 
dam  proper  is  90  feet  long,  the  right  wing  60  feet  long,  the  left  ItlO. 
The  original  dam  was  built  al)out  1856,  but  it  has  been  repaired  several 
times  since  its  erection.  A  fall  of  20  feet  could  easily  be  secured  here. 
The  plant  is  used  for  the  water-supply  system  of  the  town.  The  spring 
from  which  the  water  is  pumped  has  a  flow  of  3  second-feet,  and  it 
is  located  in  the  backw^ater  or  iK)nd.  To  prevent  contamination  the 
spring  is  enawed  in  a  cement  chamber,  which  is  tapped  by  the  8-inch 
suction  pipe. 

On  the  San  Saba  8  miles  above  San  Saba,  near  Bakers,  the  river 
makes  a  horseshoe  bend,  across  the  neck  of  which  is  a  slough.  By 
replacing  the  present  dam  with  one  20  feet  high,  nearly  double  that 
amount  of  fall  could  be  secured.  The  present  plant  is  on  the  banks  of 
the  slough,  above  high-water  mark.  The  original  dam  was  damaged 
by  the  floods  of  1899,  but  it  has  been  renewed  by  a  brush  dam.  The 
present  plant  develops  about  30  horsepower  by  the  use  of  8  26i-inch 
and  a  33i-inch  turbine. 

LLANO  RIVER. 

The  water-power  plant  of  Walter  Wallace  is  located  in  the  suburbs  of 
Junction  City,  in  Kimble  County,  and  receives  its  power  from  the  South 
Llano.  A  small  dam  of  loose  stones  deflects  jmrt  of  the  water  of  the 
South  Llano  into  the  mill  race.  This  race  is  about  3  feet  loner,  10  feet 
wide,  and  4  tVc^t  deep,  and  generally  carries  about  2  feet  of  water. 
The  power  is  <reruM'at(Hl  by  a  3U-inch  Ix^tTel  turbine  under  a  head  of  1" 
f(M't  and  is  usod  to  run  a  T(>-saw  gin  and  to  pump  water  for  the  oity 
supply.  The  water  is  pumped  into  a  (),0()0-gallon  tiuik,  80  feet  ai>ovo 
water  in  raco.  The  gin  is  located  on  the  side  of  a  bluff.  The  nico 
terminatos  a  llum(»  (>  l)v  G  ftu't  and  100  feet  long,  resting  on  cedar  posts. 
T\w  flume  conveys  the  water  to  the  masonry  penstocks,  w^here  it  i-^ 
admitted  to  the  turl)ine  wheel.  The  tailrace  returns  directly  under 
the  flume  for  GO  f(»et  and  then  deflects  eastward  into  an  excavated  ditch 
(•onnect(»d  with  the  river.  The  minimum  flow  of  the  Llano  at  Junc- 
tion (Mtv  is  about  IM)  second-feet. 

« 

»r.  K.  FiT.lay,  of  Llano,  owns  and  openites  two  natural-power  plant? 
on  Llano  Kiver  8  and  LV  mih's,  respectively,  above  Llano.  At  tlie 
u})per  (lam  there  is  a  natural  fall  of  12  feet,  the  few  cracks  and  crevice? 
being  planked.  At  the  verv  lowest  stages  of  the  river  this  dam,  wit!) 
a  reasonably  good  turl)ine,  can  develop  7*)  horsepower.  At  the  lo\ver 
dam  there  is  a  fall  of  8  feet,  and  the  plant  is  equipped  with  two  ']'•- 
inch  turbines.  The  lowest  flow  can  develop  50  horsepower.  At  pre"' 
ent  only  20  horsepower  is  used  in  ginning  cotton,  grinding  corn,  a"^ 
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n  polishing  g^nite.  A  small  outlay  in  constructing  dams  upon  the 
»p  of  these  ledges  could  easily  double  the  power.  At  Llano  all  the 
kctors  that  enter  into  a  successful  water-power  plant  are  present  in 
beir  very  best  varieties.  The  riv^er  bed  is  formed  of  continuous 
ranite,  which  in  the  central  two-thirds  rises  in  a  turtle-back  fomia- 
on,  the  visible  portion  extending  over  300  feet  below  and  200  feet 
)ove  the  dam.  This  leaves  two  channels  on  each  side  approximately 
►0  and  100  feet  wide,  the  bottoms  of  which  are  10  feet  Inflow  the  crest 
'  the  turtle -back  formation.  The  first  essential  of  a  gootl  water 
iwer,  a  foundation  for  the  dam,  is  here  in  the  very  highest  perfec- 
>n.  The  very  best  rock,  in  a  rough,  irregular  surface,  with  projec- 
>ns  and  depressions,  extends  from  bank  to  bank.  The  contml  half 
►uld  ]>e  constructed  as  easily  as  it  could  be  done  on  banks,  and  then 
e  two  depressions  near  each  bank  would  afford  alternate  gateways 
rough  which  the  water  could  be  played  from  side  to  side  while  the 
ork  of  construction  was  progressing.  In  addition  to  this,  Llano  is 
le  very  heart  of  the  granite  region,  and  good  building  stone  could 
2  obtained  within  1  mile  of  the  dam  site.  Thus  a  good  foundation, 
i*e  of  construction,  and  convenient  stone  all  unite  in  inviting  the 
icrease  of  the  water  power  of  the  river.  The  flow  here  at  the 
tdinary  low  stages  is  about  76  second-feet,  and  a  dam  with  an  effect- 
^e  head  of  24  feet  could  be  easily  constructed,  thus  developing  at  the 
€ry  lowest  stages  168  horsepower  and  200  horsepower  at  ordinary 
>w  flow.  By  a  judicious  use  of  flashboards  on  the  crest  of  the  dam, 
nd  by  utilizing  the  power  only  ten  hours  per  day,  and  conserving  it 
t  night  and  on  Sundays,  the  very  lowest  power  could  })e  increased  to 
75  horsepower. 

A  small  dam  (PI.  XV,  ^1)  has  been  utilizing  the  power  of  Llano 
tiver  at  Llano  for  several  years.  The  two  channels  on  each  side  of 
he  turtle-back  formation  are  dannnod  by  wooden  structures.  The 
i^mework  consists  of  a  triangular  brace  of  cedar  posts  })olted  into 
he  granite,  and  on  these  longitudinal  purlins  are  spiked,  forming  a 
•ase  for  the  facing  plank.  The  wooden  part  on  the  south  side  is  about 
50  feet,  while  that  on  the  north  is  about  100  feet.  The  general  course 
»f  that  part  of  the  dam  that  covers  the  south  channel  and  the  granite 
lump  is  at  right  angles  to  the  axis  of  the  river,  but  the  northern  end 
leflects  about  40°  to  bring  the  end  of  tlie  dam  into  a  granite 
edge.  The  total  length  of  the  dam  is  about  600  feet,  and  at  the  power 
louse  on  the  right  (south)  bank  is  a  head  of  9  feet.  The  present 
>ower  is  developed  by  two  LeflFel  turbines  40  and  44  inches  in  diam- 
-ter.  The  plant  supplies  the  city  water  system,  the  electric-light 
^vtern,  a  polishing  plant,  and  will  soon  run  the  Llano  Milling  Com- 
?any'8  plant.    The  city  water  is  pumped  into  an  elevated  standpipe, 


the  bottcmi  of  which  is  66  feet  from  the  gromid  and  44  feet  above  tlit| 
low-water  leirel  in  the  tailrace  and  86  feet  above  tibie  ordinary  lake ^ 
level.  The  capacity  of  the  tank  is  80,000  gallons,  and  the  pompB  ub^ 
run  all  day.  When  pipes  and  tanks  are  fall  die  safety  valve  is  so^ 
adjusted  that  the  water  -wastes  through  an  automatic  valve, 
power  will  be  conveyed  to  the  flour  mill  by  a  cable  from  the  poi 
house.  The  motor  for  the  polishing  plant  is  operated  by  a  direct  w^J 
rent,  while  that  of  the  electrk  lifi^t  is  an  alternating  current  Asl 
precaution  against  breakdowns  and  low  water,  an  auxiliary  steal] 
plant  is  provided,  which  consists  of  a  60-hor8epower  engine  and  St^i 
horsepower  boiler,  but  these  have  not  been  med  since  July, 
when  the  exceedingly  low  water  stages  of  the  Uano  and  Coloitdai 
almost  stof^ped  the  turbines  at  the  Austin  dam,  the  water  level  m\ 
hakB  McDonald  sinking  to  10  feetr  below  the  crest  of  the  dam. 

CHBROKBB  CRBBK. 

The  mill  of  J.  T.  White  is  located  near  Cherokee,  San  Saba  Coanfy,] 
1  mile  below  the  crossing  of  the  road  from  Llano  to  San  Saba, 
dam  is  a  substantial  stone  structure,  90  feet  long,  4.5  feet  high, 
deflects  the  water  into  a  race  8  feet  wide  at  bottom,  6  feet  at  t<^ 
111  rods  long.  It  backs  the  water  one-fourth  mile.  The  plant  ma ' 
built  in  1895,  and  is  located  about  600  yards  from  the  dam.  The 
eflfective  head  is  12  feet.  The  stream  is  supplied  by  springs  about  2 
miles  above  the  dam,  the  largest  of  which  is  known  as  Heck  Spring. 
The  supply  often  is  so  low  that  there  is  not  enough  water  to  operate 
the  mill.  A  small  dam  for  irrigation  purposes  has  been  constructed 
near  the  head  spring. 

BRAZOS  RIVER. 

Brazos  River  rises  in  the  Staked  Plains,  in  Hale  and  Lamb  counties, 
and  takes  a  southwesterly  course  for  100  miles  and  then  turns  to  the 
left  and  takes  a  general  easterly  course  for  100  miles  to  Young 
County,  where  it  again  assumes  its  southeastern  course,  which  it 
maintains  to  the  Gulf  of  Mexico,  a  distance  of  350  miles.  In  its 
upper  stretches,  above  Young  County,  it  flows  through  flat  plains  and 
has  maintained  an  unreliable  flow  for  power  purposes.'  The  two 
branches,  Salt  Fork  and  North  Fork  of  Double  Mountain  River, 
unite  in  the  eastern  part  of  Stonewall  County,  and  100  miles  below 
they  receive  the  waters  of  Clear  Fork. 
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Summary  of  water-power  planU  on  Brazos  and  tributaries. 


>cality. 
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Head. 

Material  of  dam. 

Donnell  Bros 
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11 
10 
10 

Stone. 

.... 
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Stone. 
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................ 
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do 
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(3  miles  west)  . 


Stinnett 
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J.  F.  Townes 
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16 

8 

9 

7 

9 
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Railroati  bridges  over  Brazos  River. 
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M(iWhBXtov?B  min  is  lodged  on  the  BnuBoe,  in  Hood  Ooonfy.  Tb^ 
dam  is  800  feet  l<Mig  and  is  made  of  brash  and  loek.  It  was  oob-; 
rtmcted  in  1887  and  prodnoes  an  ayenge  head  of  7  f^et  Ibe  pcmr: 
is  developed,  by  a  83-inoh  Leflel  turbine  and  is  need  in  grinding  con 
and  ginning  cotton  f onr  or  five  hours  a  day. 

About  6  miles  south  d  Whitney,  Tu.,  B.  JUL  Boyd  owns  a 
mill,  which  is  operated  by  the  water  power  obtaii^  frcmi  a  dam 
BraaosBi?er.  The  rirw  at  tUb  point  has  a  vertical  Uuff  <m  the 
sideabout  60  or  80  feet  in  hdght,  and  in  a  gap  in  tibis  blutt  and  at  a8if»! 
distance  above  high  water  is  located  the  milL  The  dam  is  900  faitj 
long,  is  constructed  of  cedar  timber  and  brush  wood,  rock,  and  gfai«^ 
and  rests  npou  the  sdid  Hmestcme  bed  of  the  river.  The  cross  BOdSmi 
is  triangular  in  shape.  The  dam  is  omposed  of  a  foundation  hjm 
of  logs  placed  lengthwise,  brush  and  stone  q^resd  over  this,  thsD  ij 
layer  of  logs  placed  crosswise,  and  Imish  and  stone  upon  tiik,  dies] 
another  course  of  logs  lengthwise;  and.  more  stone  and  gravd,  el%l 
until  tiie  top  is  reached.  The  top  surface  of  the  dam  dopes  badLnai^ 
to  the  foundation  and  makes  m  pmgle  of  fibgut  SK>^  with  it,  and  a 
backing  of  stone  and  gravel  is  deposited  upon  it  within  a  few  toAi 
the  crest,  which  effectually  prevents  leakage.  Iron  yins  are  kt 
the  bed  rock  at  the  toe  of  the  dam  to  preimit  d^ng.  The  hd|^i 
about  7  feet  and  the  width  at  the  base  about  90  feet  The  jnnc&s 
with  the  shore  on  the  south  side  is  made  by  means  of  a  bulkhead  or 
abutment  of  log  cribbing  and  on  the  north  side  by  means  of  limestone 
masonry.  The  power  is  developed  by  means  of  two  Leffel  turbines,  a 
44-inch  and  a  48-inch,  each  of  which  develops  25  horsepower  with  the 
7-foot  head  obtained.  It  is  possible  to  add  at  least  another  8  feet  to 
the  height  of  the  dam  and  thus  obtain  a  10- foot  head,  without  backing 
the  river  up  over  its  banks,  and  it  is  probable  that  the  owner  will 
attempt  this  and  add  to  his  equipment  in  the  near  future.  The  dam 
was  first  constructed  in  1856,  but  has  been  partially  washed  away  and 
rebuilt  several  times  since  then. 

The  feasibility  of  constructing  a  dam  across  the  Brazos  at  or  near 
Waco  has  often  been  discussed.  At  the  suspension  bridge  the  south- 
west bank  is  composed  of  limestone,  while  the  northeast  bank  is  an 
alluvial  deposit.  The  width  between  bank  crests^  is  a  little  over  500 
feet,  and  a  dam  to  be  at  all  safe  would  have  to  be  this  length  or  over, 
with  protecting  wing  walls.  The  sand  is  of  unusual  depth,  and  it 
would  require  an  excavation  through  the  sand  bed  nearly  20  feet  deep 
at  places  to  reach  bed  rock.  Then  to  obtain  a  head  of  30  feet  thedani, 
if  constructed  near  the  suspension  bridge,  would  have  at  some  plac^ 
a  height  of  at  least  50  feet. 

A  gaging  station  was  established  at  Waco  in  September,  1898.    T''^ 
gage  consists  of  three  inclined  iron  bars  1  by  3  inches,  the  first  reading 
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1  zero  to  4.8,  the  second  from  4.3  to  11.0,  the  third  from  11.0  to 
The  gage  is  under  the  saspension  bridge,  l)olted  to  a  hard-pine 
:  16  feet  long  embedded  in  cement  in  the  limestone  of  the  bank, 
I  with  the  surface,  on  which  are  painted  the  graduations  below 
The  inclination  is  such  that  5.4  feet  along  the  ))ar  corresponds  to 
e  of  1  foot.  Above  this  bar  is  the  second  bar,  similarly  bolted  and 
led,  except  that  it  is  inclined  at  a  greater  angle;  9  feet  along  the 
x>rresponds  to  a  rise  of  4  feet.  The  lower  end  of  this  bar  con- 
3  with  the  upper  end  of  the  lower  one  and  is  graduated  to  11  feet, 
the  third  section  1  vertical  foot  eqdals  1.3  along  the  bar.  The 
rence  bench  mark  is  on  the  water  table  of  the  l)rick  abutment  of 
suspension  bridge  at  the  south  end  and  is  almost  on  a  level  with 
Boor  of  the  bridge.  This  bench  mark  is  marked  '^U.  S.  G.  S. 
3  B.  M."  For  high  water  the  gage  is  marked  on  the  south  abut- 
b  of 'the  bridge.  In  the  early  part  of  1902  a  new  camel-back  truss 
ne  span  of  18  panels  was  erected  across  the  Brazos  a  few  hundred 
above  the  suspension  bridge,  whose  axis  makes  an  angle  of  76°  with 
river.  This  new  bridge  has  a  footway  on  the  downstream  side 
affords  excellent  facilities  for  measuring^the  flow  of  the  river,  as 
B  are  no  midstream  piers  to  render  measurements  troublesome  or 
itful.  On  the  north  pier  a  gage  has  been  marked  off  to  agree  with 
Jnited  States  Geological  Survey  gage  under  the  suspension  bridge. 
top  of  the  cement  floor  of  the  new  bridge  at  the  southeast  batter 
e  is  at  a  height  of  45.4  feet  with  respect  to  the  United  States 
logical  Survey  gage.  The  gage  is  tied  into  the  Coast  Survey 
im  of  precise  levels.  The  Coast  Survey  bench  mark  is  at  the 
er  of  Third  and  Jackson  streets,  near  the  south  window  in  the 
.  side  of  Patten's  store,  2  feet  south  of  the  window  and  4  feet 
'6  the  ground  surface.  The  elevation  of  this  bench  mark  is  413.20 
above  mean  low  tide  and  55.60  feet  above  zero  of  gage,  making 
of  gage  357.60  feet  above  mean  low  tide. 

le  Brazos  reached  the  lowest  flow  of  its  recorded  history  in  March, 
I.  On  December  28,  1901,  the  river  reached  the  low  stage  of  2.3 
,  and  several  measurements  were  taken  at  tliis  stage  to  determine 
b  was  thought  to  be  the  lowest  flow  of  the  Brazos.  The  average 
hese  measurements  was  70  second-feet.  During  the  months  of 
aary  and  February  the  water  kept  falling  slowly, 
rom  January  1,  1902,  to  March  7  the  water  slowly  fell  till  it 
hed  the  gage  height  of  2  feet.  On  March  8  a  measurement  was 
e  of  the  river  at  a  point. 200  yards  above  the  new  bridge.  The 
?r  was  then  flowing  through  a  small  channel  on  the  south  side  of 
river  bottom  that  was  24  feet  wide  and  of  an  average  depth  of 
ches  and  had  a  mean  velocity  of  1.36  feet  a  second,  giving  a 
harge  of  19  second-feet. 
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A  cross  section  of  the  Brazos  at  Waco,  at  the  suspension  bridge,  is 
shown  in  fig.  25. 
The  f oMowing  tabular  statement  will  show  the  minimum,  mean,  and 
K  maximum  flow  of  the  Brazos  at  Waco  since 

§  1898. 

DUchargej  in  second-feet,  of  Brcusos  River  at  Waco. 


Year. 


1899 
1900 
1901 
1902 
1903 


Maximum. 

77, 076 
98,832 
38,017 
74,600 
65,000 


Mean. 
3,02^ 

8^6' 


n 


N^ 


The  flow  of  the  Brazos  of  Waco  since  1899  is 
jj  shown  in  figs.  26  to  30,  inclusive. 
I       The  natural  configuration  of  Brazos  River  at 
\  Marlin  Falls  (PL  XVI,  A)  makes  it  possible  to 
t  utilize  the  full  power  of  the  water   by  a  low 
^  dam  and  a  deep  fore  race.     A  low  wooden  dam 
could  be  used  to  deflect  the  water  into  the  mill 
race,  and  at  the  same  time  a  dam  of  this  height 
would  not  give  sufficient  fall  over  it  in  time  of 
flood   to  scour  out  the  river  below  the  dam. 
Just  ])elow  the  falls  McCullough  Slough  enters 
the  riv(»r  from  the  north,  and  this  could  l>e  con- 
verted into  a  tailrace  with  a  fall  of  6  inches. 
The  power  plant  could  be  located  on  the  bank 
of  this  slough  about  1  furlong  from  the  river 
bank.     The   feeding   canal  could   be  excavated 
from  the  clam  to  the  power  site,  while  the  con- 
venient slough  would  save  the  expense  of  dig- 
ging a  tailrace   to   the   river.     Within   a  half 
mile  the  river  has  a  natural   fall  of  about  10 
feet,  as  shown   by  the  survey  of  the  War  De- 
partment  engineers,  and   a  dam  10  feet  higli 
would  give   an   effective  head  of   20  feet.    At 
ordinary  low  How  this  would  give  240  horse- 
power. 

The  dminage  area  of  the  Brazos  above  Eich- 
mond  is  44,000  square  miles.     A  gage  was  estab- 
lished here  in  December,  1902,  bv  the  writer. 
The  gage  consists  of  a  tagged  plumber's  chain  marked  every  foot  with 
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:  tags.    The  chain  U  60  feet  long,  the  bottom  of  the  lead  weight 
l  the  SO-foot  mark.    The  zero  of  the  gage  is  50  feet  below  the 
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The  ekviition  of  tin-  top  of  the  tie  nnth  referpnce  to  mean  low  ti*. 
according-  to  lie  War  Dfpartment  survey,  ih  92.9  feet,  and  that  of  the 
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top  of  the  guard  rail  93.2  feet,  thus  making  the  zero  of  the  gage  4S- 
feet  above  mean  low  tide.    Tbe  \o'n«&t.  ^^:^Q  height  yet  recorded  > 
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D,  or  exactly  45  feet  above  mean  low  tide.     Fig.  31  shows  a  cross 
bion  of  the  Brazos  at  Kicbniond. 


JSttimaUd  montidy  dincharge  of  Brazo$  River 
[Drainage  area,  M.DDO  square  m 


I  Richmond  in  1903. 


UlBCharge  In  woond-lecL 

KU..B. 

Month. 

HailmuDi. 

Mean. 

^ffi!" 

48,000 
64,000 
]|,KO0 
7,000 
4,980 
14,100 

;i7,ooo 

1,760 
16,600 
1,860 
3,480 

3,460 
3,540 
13,900 
3,540 
3,040 
2,880 
1,650 
1,810 
1,195 
2,045 
1,195 
1,020 

5,580 
16,200 
36,000 
6,020 
3,620 
3,, WO 
3,750 
9,680 
l,42.'i 
5,240 
1,500 
1,480 

0.127 
.368 
.818 
.137 
.082 
.079 
.085 
.220 
.032 
.119 

.o;m 

.034 

ru»rv 

.098 

The  ve»r 

64,000 

1,020 

5,400 

.123 

re  WATER    POWKRS   OF   TEXAS. 

Above  and  at  Waco  the  Bi'azos  rises  rapidly,  and  wben  it  ge) 
I   the  30-foot  inark  on  ttio  Waco  gage  it  overflows  the  bottoi 
lielow   that    town.     When    tfc 
spreads  out  over  the  bottom  I 
it  does  from  Waco  to  Richmc 
water   is   high   lunger   in    the 
stretches,  as  the  backwater  in  I 
turns  and  low  lands  serves  as 
reservoirs  and  is  drained  slowl; 
river  recedes.     Above  Whco  t 
face  water  rushes  off  into  the 
more   rapidly;    the   river   rise 
suddenly  and  falls  almost  as  sa 
For    this    reason   the  maximi 
charge  at  Waco  may  be  great 
•a   at  Richmond.     The  maximum 
s   lit  Richmond  occurred  on  July 
^   luid  was  4  feet  below  the  top 
s   guard  rail,  or  at  a  gage  bcigl 
2   feet,  according   to  the  United 
■  Geological  Survey  gage.    Tin 
E  was  out  over  the  l)ottoms  at  an< 
•3   Richmond,  and  it  covered  the  ti 
§   the  Southern  Pacific  Railroad. 

I  CLEAR  FORK  OF  BRAZO 

7  On  Clear  Fork,  iu  the  southe 
"_  <jf  Young  County,  near  Eltas 
£  power  plant  is  owned  and  oper 
the  Doimeil  Brothers.  The 
Hitmited  alwut  the  middle  of  a  r 
Itcnd  in  the  river  and  backs  th 
iilxiut  2i  miles.  The  width  of 
of  Clear  Fork  is  about  150  fe 
the  irregular  bed  of  the  rive 
rock  holes  occur,  altcrnatin< 
shoals.  Some  of  these  shoals 
fall  of  as  much  as  6  feet  in  a  dial 
300  feet,  while  others  give  only  i 
or  so.  There  is  a  fall  of  perhaps 
f  i-oni  the  dam  to  the  mouth  of  thi 
a d«t«HC« of y miles.  Thtidowt 
Fork  is  very  irregular;  it  is  often  bank  full,  but  seldom  overflows 
river  is  not  supplied  by  many  springs,  and  it  falls  fairly  rapidi 
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ceases.  It  usually  falls  to  a  flow  of  about  20  square  feet  cross 
ion  on  shoals,  and  when  dry  weather  continues  will  stop  flowing  alto- 
ler  in  four  months  or  thereabouts.  It  has  not  quit  running  since 
).     The  Eureka  dam  is  built  of  sandstone  slabs  6  by  2  by  6  feet  long 

is  120  feet  long  and  6  feet  high.  At  first  the  lower  face  was  left 
ical,  but  so  much  pounding  occurred  from  drift  logs  that  a  timber 
m  was  put  in  with  a  slope  of  one  to  two.  This  rock  bed  of  the 
r  is  about  6  inches  thick,  underlain  by  hard  blue  clay.  The  swift- 
\  of  the  current  eroded  the  bank  on  the  north  side  of  the  river,  and 
►revent  the  waters  going  around  the  dam  a  great  quantity  of  brush 

logs  was  piled  in  and  proved  successful  in  preventing  erosion, 
^ery  high  water  the  dam  is  invisible.  The  current  is  hardly  swifter 
:re8t  than  elsewhere.     For  a  while  the  mill  was  an  ordinary  crusher 

for  wheat  and  corn,  run  by  an  overshot  wheel.  About  1888  patent 
er  machinery  was  added.  Although  often  forced  to  shut  down  by 
water,  the  mill  has  paid  well.  A  cotton  gin,  of  recent  construction, 
on  by  steam,  and  doubtless  an  auxiliary  steam  plant  will  be  put  in 
the  mill. 

PALUXY  RIVER. 

he  Paluxy  rises  in  Erath  County  and  flows  southeast  through  Hood 
Somervell  counties  to  its  junction  with  Brazos  River.     Formerly 
excellent  power  plant  was  in  existence  on  the  Paluxy  at  Glenrose, 
it  was  washed  away  five  years  ago  and  has  not  been  rebuilt. 

BOSQUE  RIVER. 

hi  North  Bosque  River,  at  Clifton,  Bosque  County,  T.  O.  Swenson 
IS  and  operates  a  flour  and  corn  mill  that  derives  its  power,  except 
Iry  times,  from  the  water  of  the  Bosque.  The  dam  is  of  stone,  195 
;  long,  10  feet  high,  and  was  built  in  1867,  at  a  cost  of  $5,000.  The 
er  is  backed  up  the  river  for  1  mile.  The  power  is  generated  by 
Leffel  turbines  of  30^  inches  diameter,  and  when  running  at  three- 
Pths  gate  opening  can  develop  35  horsepower.  To  guard  against 
seasons  and  low  stages  of  the  river,  an  auxiliar}'  steam  plant  of  30 
sepower  has  been  installed.  A  view  of  Swenson's  dam  and  power 
se  is  shown  in  PI.  XV,  B.  The  Boscjue  near  Waco  is  subject  to 
den  and  great  fluctuations  in  flow.  In  very  dry  years  it  ceases  to 
V  near  its  junction  with  the  Brazos. 

LEON  RIVER. 

^n  River  rises  in  Eastland  County  and  flows  through  the  counties 
^  Comanche,  Hamilton,  Coryell,  and  Bell  before  it  empties  into  Lit- 
^Hiver,  a  tributary  of  the  Brazos.  A  short  distance  above  Belton 
'^ivee  the  waters  of  Cowhouse  Creek.  i 


ft  WMiBm  rowmm  <ur  nibib  » 

Hm  mfll  of  CbkrieB  H.  Sttsw,  at  Stnwa  WSl  postK^ce,  Coi 
Ooonfy,  is  cui  iJeon  Bivar.  Iln  dm  is  90  feet  long  uid  was  bail 
InmMv  in  1874.  One  48-ioofa  Leffel  tnrUne  geoanttB  the  power  ni 
■  head  that  Ttzies  fnai  4  to  8  feet,  with  u  aTOiag«  of  6  feet  Tw 
honqpowercaobedevetoped.  AnanxiUBiy  ateunei^^iwoflOho 
power  is  tued  to  anpplennnt  the  water  powei. 

Hie  mill  of  lbs.  L.  J.  Bogers  is  located  luar  ndaoke,  in  Coi 
Coonfy,  OD.Cowhonae  Oieek.  Hie  dam  is  110  feet  long  and  hu 
avenge  Iiead  <4  9  feet    One  S9-inch  Leffel  taiMneia  in  nsei 

Hie  flow  of  the  Leon  at  Belton  is  titiliaed  by  theeleotrio-l^pl 
The  dam  was  built  in  1894  and  is  sranewhatoniqne  in  its  ooBstmcd 
Its  ends  extend  to  the  abotmente  of  the  l)i>;h^vay  hi-Kl^i.-,  imd  its 
or  forebay  extends  under  iha  end  approai-h  of  tbci  bridj^  ndjtK'oii 
the  west  abutment.  It  is  in  its  {dan  arched  upfitroum,  the  radius  c 
enrre  being  910  feet,-  giving  it  a  rise  of  1^  feet  Id  ite  span  of  150 1 
Hie  framework  was  made  of  oedar  posts,  and  it  vas  then  (covered  < 
pine  {dank.  The  main  pnrlin  posts  that  carry  the  iipp<<r  face 
inclined  to  the  horisontal  at  an  an^e  of  45*^.  The^e  ptirltn  ^ 
are  biaoed  from  near  their  top  by  posts  that,  arc  ini'liDed  to 
verdcal  at  an  angle  of  about  10°,  and  the  purlin  posts  an  i^ 
braced  by  a  series  of  short  posts  about  S  feet  from  the  bed  nx^  E 
zontal  braces  connect  these  two  main  sapports  of  tlie  purlin  pi 
To  this  framework  is  attached  the  framework  of  the  apron.  A 
of  short  vertical  posts,  3  feet  high,  extends  in  a  circular  curve  7 
below  the  main  dam,  and  to  this  the  top  row  of  post  sleepers 
attached  and  connected  to  the  framework  of  the  dam.  These  slee 
slope  downstream  and  form  the  support  for  the  flooiing  of  the  ap 
The  main  cross  section  of  the  dam  is  like  the  letter  A,  the  first 
of  which  is  inclined  45°  and  the  right  line  about  80°  to  the  1 
zontal,  while  the  horizontal  line  is  about  one-fourth  of  the  he 
from  the  bottom.  A  course  of  plank  was  nailed  to  the  npsti 
posts,  and  then  a  layer  of  gravel,  dirt,  and  small  stones  was  sp 
on  this  surface,  and  then  the  upstream  face  was  again  protectee 
several  layers  of  plank.  The  downstream  face,  the  apron,  and 
vertical  faJl  below  the  apron  are  all  protected  by  plank  coverings, 
total  height  is  12  feet,  the  fall  from  crest  to  apron  7  feet,  the  fal 
apron  1  foot,  and  the  final  fall  from  apron  3  feet.  The  water  is  b 
from  the  lake  through  an  arched  conduit  between  the  west  abutr 
and  the  shore.  This  conduit  opens  into  an  open  flume  11  fc 
inches  wide  and  80  feet  long.  The  flume  follows  the  west  bank  ai 
supported  on  posts  that  are  thoroughly  protected  from  the  effect 
floods. by  strong  sheathing.  The  fall  at  the  penstock  is  11  feet, 
the  power  is  transmitted  to  the  dynamos  by  shafting.    The  power  b 
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)  high  west  bank  and  is  equipped,  in  addition  to  the  water 
ith  two  tubular  boilers  having  an  estimated  capacity  of  100 
?er  each  and  one  automatic  Sussell  engine  of  80  horsepower. 

LAMPASAS  RIVER. 

IT  Fork  of  Lampasas  River  rises  in  the  city  of  Lampasas  and 
1  by  two  springs,  the  Hancock  and  the  Uanna.  The  Hancock 
I  about  1  mile  S.  30^  W.  from  the  court-house,  and  its  flow, 
ired  on  December  18, 1900,  by  current  meter,  was  10.3  second- 
he  measurement  was  made  just  below  the  ford  and  about  400 
)w  the  bath  house  at  the  spring.  The  dam  of  the  electric- 
nt,  which  is  a  little  over  half  a  mile  below  the  spring,  backs 
r  up  to  within  200  yards  of  the  spring  itself.  The  flow  of  the 
IS  stated  by  the  citizens,  is  reliably  constant, 
anna  spring  is  about  one-fourth  of  a  mile  N.  20^  E.  from  the 
use  and  almost  on  the  opposite  side  from  the  Hancock.  It 
I  large  pool,  60  feet  in  diameter,  which  has  been  constructed 
and  cement.  The  water  flows  out  of  the  pool  over  an  inclined 
id  can  be  diverted  to  the  large  bath  house  near  by.  The  stream 
>y  the  spring  has  been  diverted  from  its  original  channel  and 
yed  partly  underground  for  over  200  yards,  but  at. certain 
le  stream  is  visible  through  boxes  placed  in  its  course,  the 
which  project  above  the  surface.  At  one  of  these  boxes  the 
he  Hanna  spring  was  found  to  be  4  second-feet  on  December 
.  The  Hanna  spring  is  strongly  impregnated  with  sulphur, 
raters  of  the  springs  are  utilized  by  various  power  plants, 
re  three  dams  across  the  stream  within  a  mile  and  a  half  of 
IS.  The  electric-light  plant  (PI.  XVII,  ^1)  is  in  the  suburbs 
lasas  and  has  a  stone  dam,  which  has  a  height  of  18  feet  above 
on  bed  and  14  feet  above  the  river  bed  and  is  150  feet  long, 
er  is  conveyed  by  a  race  nearly  300  yards  long  to  the  power 
here  a  fall  of  14  feet  is  obtained.  The  waters  above  this  stone 
held  back  during  the  day  and  used  only  at  night,  but  the  lake 
le  dam  fills  up  and  the  water  begins  to  flow  over  the  dam 
ifter  midday.  A  judicious  use  of  flashboards  would  render 
►wer  available.  A  flow  of  1  cubic  foot  of  water  with  an  efli- 
f  75  per  cent  would  give  a  continuous  horsepower  of  1^,  or  a 
12  horsepower  used  continuously,  or  a  total  of  28.8  if  used  for 
hours  during  the  day  and  held  back  for  fourteen.  An  aux- 
3am  engine  is  used  at  the  power  plant  when  heavy  demands 
e  for  power. 

icond  dam  (PL  XVII,  B)  belongs  to  W.  T.  Donovan  &  Sons 
tbout  three-fourths  of  a  mile  below  the  stone  dam.    It  is  an 
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old^jhshioned  woocton  dam,  190  fert  loi^y  and  f^fe»a  ftU of  11  feet 
Triangular  frame  bents  are  ocmstruieted  with  the  indined  btaoes  up- 
stream. To  these  braces sbeetii^  ia  nailed,  whkhforoM  the  apetreiffl 
face  of  the  dam.  With  a  good  hydraalic  Wheel  1  seocHid-foot  of  ion 
should  give  1  horsepower  at  the  dam.  The  power  is  nsed  here  by  Ae 
Donovan  flour  mill,  but  the  flow  of  the  stream  is  undw  the  dMnfaol 
of  the  upper  dam  to  such  an  extent  that  a  gasoline  engine  is  oaed  astn 
auxfliary. 

The  lower  dam  (PL  XYl,  J?),  about  1  mile  below  the  Donovan  dun, 
belongs  to  Bradley  Brothers.  It  is  a  wood^i  structure,  ocmqposed  of 
cedar-post  framework,  the  u^per  brace  of  which  is  inclined  at  m 
angle  of  46^,  while  the  lower  is  nearly  vertical.  Theee  poiBte  m 
bolted  into  the  bed  of  the  stream,  and  the  upper  face  is  covered 
with  planks.  To  sustain  the  water  pressure  die  upper  incliMd  pmifai 
posts  are  braced  with  a  short  brace  a  few  feet  above  the  bottom.  Hie 
north  end  of  the  dam  terminates  in  a  substantial  masonry  bulkfaeid, 
that  serves  to  prevent  cutting  around  tiie  end  in  times  of  high  water. 
The  plant  is  on  the  south  bank  of  the  river  and  oonsfets  of  a  grist- 
mill.   The  fall  is  10  feet,  and  the  power  is  developed  by  a  tuibuie. 

8ALADO  RIVBR.  | 

Salado  River  rises  in  the  famous  Salado  springs,  in  the  town  of 
Salado,  9  miles  south  of  Belton.  These  springs  are  similar  in  souit*, 
behavior,  and  character  of  water  to  those  of  San  Marcos,  Del  Rio,  and 
other  places.  In  December,  1901,  the  discharge  at  the  site  of  the  old 
stone  dam  in  the  town  was  13  second-feet.  The  stream  below  the 
town  is  often  rather  deep  and  resembles  in  all  its  characteristics  except 
magnitude  of  flow  the  San  Marcos.  At  present  there  are  four  power 
plants  on  the  Salado.  Two  miles  above  the  mouth  is  located  Sum- 
mer's mill.  The  dam  is  built  of  stone  masonry,  is  175  feet  long  and 
10  feet  high.  The  power  is  generated  by  two  Leflfel  turbines,  30  and 
32  inches  in  diameter.  The  head  is  TO  feet  and  the  gate  opening  is 
one-half.  In  winter  the  mill  is  operated  twelve  hours  a  day  and  in 
summer  twenty-four  hours  a  day.  A  20-horsepower  steam  engine  is 
kept  ready  in  case  of  necessity,  but  it  is  seldom  used. 

Six  miles  above  the  Summer  mill  is  located  the  Stinnett  mill.  T^  ■ 
3-foot  dam  is  1  mile  above  the  mill  and  is  used  merely  to  deflect  the 
water  into  the  mill  race.  The  power  is  generated  by  a  23-inch  McCor- 
mick  turbine  under  a  head  of  18  feet.  The  mill  has  all  of  the  water 
privilege  and  it  runs  the  entire  year.  Between  these  two  mills  there 
are  two  cotton  gins  operated  by  water  power.  In  addition  to  these 
plants  there  are  four  possible  locations  where  power  plants  could  he 
located. 

i 
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SAN  QABRIBL  RIVER. 

At  Jonah,  about  10  miles  east  of  Georgetown,  is  a  flour  and  com  mill, 
med  by  McDonald  &  Bruce  and  operated  partially  by  the  power 
irived  from  San  Gabriel  River.     The  dam  is  about  300  feet  long  and 

constructed  of  timber  framework  with  a  top  sheeting  of  2-inch 
anks.  It  is  triangular  in  section  and  is  made  up  of  a  row  of  6  by 
inch  upright  posts,  on  the  downstream  face,  let  into  the  bed  rock  of 
e  river  a  few  inches  and  about  12  or  15  feet  apart;  a  cap  of  6  by 
inch  timber  rests  upon  these  posts  and  supports  one  end  of  the 
•ingers,  to  which  the  top  plank  sheeting  is  spiked.  These  stringers 
>pe  upstream  at  an  angle  of  about  30*^  to  the  horizon  and  the 
her  end  rests  upon  the  river  bed.  Two-inch  planks  are  bolted  to 
ese  to  form  the  upstream  face  of  the  dam.  A  head  of  9  feet  is 
tained,  and  the  power  is  derived  from  one  36-inch  Samson  turbine, 
d  it  is  estimated  that  50  horsepower  can  be  developed  with  a  full 
te  opening.  A  35-horsepower  steam  engine  is  used  in  conjunction 
th  the  water  power  when  the  mill  is  run  to  its  full  capacity  and  dur- 
j  time  of  low  water.  The  dam  was  built  in  1890.  The  machinery 
valued  at  $5,000. 

About  6  miles  east  of  Georgetown  is  the  flour  and  corn  mill  of  J.  F. 
>wns,  on  San  Gabriel  River.  The  power  is  derived  from  one  26i- 
zh  Leffel  turbine  and  is  estimated  at  36  horsepower  under  the  16-foot 
ad  obtained.  The  dam  is  constructed  of  timber  framework  and  a 
p  sheeting  similar  to  the  one  at  Jonah,  except  that  the  posts  on  the 
iwnstream  face  are  slightly  inclined  instead  of  being  vertical,  and 
ere  is  no  cap  on  the  top  of  these  to  support  the  stringers  for  the 
eeting.  Each  stringer  rests  on  the  head  of  a  post,  and  the  sheet 
anks  are  nailed  directly  thereon  and  lengthwise  of  the  dam.  The 
»sts  are  about  8  feet  apart,  and  a  wooden  sill  embedded  in  concrete  is 
aced  the  full  length  of  the  dam  at  the  foot  of  these  posts  to  prevent 
iding.  The  dam  is  connected  to  the  river  banks  on  both  ends  by 
one  abutments.  It  is  about  400  feet  long  and  6  feet  high,  and  was 
■st  built  in  1882.  In  1892  it  was  rebuilt  entirely  as  it  stands  to-day. 
lie  power  house  is  located  about  one-fourth  of  a  mile  below  the  dam, 
id  a  head  of  16  feet  is  obtained  on  the  turbine.  The  water  is  con- 
icted  to  the  power  house  by  a  race.  The  cost  of  the  plant,  dam, 
lachinery,  etc.,  was  about  $8,000.  At  present  the  river  is  so  low  that 
le  mill  is  not  run,  but  when  the  water  supply  is  sufficient  it  is  run 
ay  and  night. 

About  3  miles  northeast  of  Georgetown  is  a  small  corn  mill  owned 
ud  operated  by  D.  A.  Strange.  The  mill  is  situated  on  the  banks  of 
tear  Creek,  but  obtains  its  power  from  a  spring,  the  water  of  which 
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is  bftcked  up  by  a  dnm  Hnd  forms  a  pond  or  smalt  lake  above  the  mill, 
The  dun  is  built  of  lirucritone  maijoiiry,  is  of  irregular  sec^tion,  und  k 
about  150  feet  long.  In  plan  it  h  approximately  trapezoidal  in  sbap«, 
and  the  mill  ia  situaU-'d  in  the  middle  of  the  section  at  right  angles  to 
the  river.  The  effeclive  hond  is  16  feet,  and  with  the  Iti-inch  turbine 
3S  horsepower  can  be  obtained.  The  mill  is  a  very  small  concern,  ih 
madiinery  old  and  very  seldom  used. 

HAVASOTA  RIVUL 

mie  Navasota  rises  in  LimestoDe  Coaaty  and  flows  sooth  to  its  jtaw- 
tioD  with  the  Brazos.  In  extremely  diy  years  it  ceases  to  flow  ens 
near  its  nxiatli,  but  ordinarily  it  has  a  reliaUe  flow.  In  Jjooa  Oooi^ 
are  many  small  water-power  rites.  Some  of  these  have  been  utilind, 
tmd  there  are  several  abMidoned  power  plants.  Tbe  mill  of  J.  A. 
Allison  is  near  the  post-office  of  Quito,  in  tl>e  western  part  of  the 
county,  on  the  watershed  of  Navasota  Biver.  A  I(h^  dirt  dam  8  M 
high  impounds  the  water  of  Clear  Creek.  It  is  reported  Uuttlie  ^zmb 
flows  the  year  round.  The  mill  raoe  is  one-hi^  mile  Umg,  16  ftet 
wide,  and  8  feet  deep.  The  power  is  generated  by  one  17-inoh  Left! 
turbine,  under  a  bead  that  varies  from  8  to  10  feet,  with  an  avemgeof 
9  feet,  and  produces  6  horsepower.  The  mill  is  generally  nm  th 
hours  a  day.    Tbe  plant  wsa  erected  in  1880. 

The  mill  of  M.  F,  Bates  ia  near  Snow  post-office,  in  the  westeni 
part  of  Leon  County,  and  ia  on  Pigeon  Koost  Creek,  a  tributary  of 
the  Navasota.  The  dam  ia  made  of  oak  timber  and  is  9  feet  high. 
A  i-ace  180  feet  long,  12  feet  wide,  and  9  feet  deep  conveys  tbe 
water  to  a  double  Leffel  turbine  23  inches  in  diameter,  which  runs 
under  a  head  of  6.6  feet,  the  least  being  i  and  the  greatest  9  feet. 
When  the  wheel  is  run  with  full  gate  opening  it  produces  15  horse- 
power. The  stream  has  a  constant  flow  during  the  summer  time, 
except  when  raised  by  rains.    The  plant  was  erected  in  1902. 

About  9  miles  east  of  Marquez,  in  Leon  County,  T.  J,  Irwi" 
owns  and  operates  a  water-power  plant,  which  consists  of  a  grist  mill 
and  cotton  gin  of  45  saws.  The  mill  is  on  a  small  stream  that  runs 
into  Navasota  River,  and  tbe  flow  ia  continuous  the  year  round.  A 
high  breast  wheel  24  feet  in  diameter  develops  the  power  under  a 
head  of  22  feet.  A  small  dirt  dam  7  feet  high,  located  600  feet  above 
the  mill,  deflects  the  water  into  the  mill  race  and  hecks  the  water  inW 
a  pond  covering  1  acre, 

SAN  JACINTO  RIVER. 

San  Jacinto  River  rises  in  Grimes,  Walker,  and  Montgomery  counties, 
flows  south,  and  empties  into  San  Jacinto  Bay.  Although  the  river  is 
short,  it  often  becomes  very  broad  and  swift.    The  waters  are  not  used 
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!r  directly,  but  for  rice  irrigation.    Two  and  a  half  miles  east 

on  the  Sheldon  Canal  Company  takes  water  for  2,000  acres  of 

n  San  Jacinto  River  by  pumping 

I  40-foot  lift.     A  SOO-horsepower 

ngine  operates  an  18-incb  VanWie 

ral  pump.     A  complete  account  of 

ration  system  ia  given  in  Watcr- 

?aper  No.  71,  page  100. 

comber  24, 1903,  at  the  crossing  of 

lern  Pacific  bridge,  the  San  Jacinto 

scharge  of  357  second-feet  when 

I  of  the  water  was  35  feet  below 

of  th«  rail. 


TKINITY  RIVKR. 


V  River  rises  in  a  network  of  small  ^ 
in  Montague.  Wise,  and  Parker  '\ 

but  the  combined  capacity  of  these  3 
at  Dallas  is  not  sufficient  to  keep  j 
itant  flow.    Below  Dallas  the  Trin-  § 

through  a  wooded  country,  and  o 
bject  to  sudden  floods.  A  gaging  ^ 
vas  maintained  on  the  Trinity  at  ^ 
ly  the  United  States  Geological  2 
or  several  years,  but  it  was  aban-  5  f' 
a  account  of  the  low  wat«r.  In  z\ 
ir,  1902,  a  station  was  established  n  '-- 
side,  on  the  Trinity.     The  station  E 

drawbridge  of  the  International 
at  Northern  Railroad,  and  the 
the  gage  is  66  feet  below  the  top 
i  on  the  north  arm  of  the  dmw 
'he  elevation  of  the  top  of  the 
jr  is  SH-.'irt  feet,  lucoiding  to  the 
States  Cieological  Survey  gage, 
elevation  of  the  top  of  the  ehan- 
le  lower  chord  of  the  draw  span 

feet.  According  to  the  survey 
i\'ar  Department  engineers,  the 
I  of  the  top  of  the  tie  with  ref- 
o  mean  low  tide  of  the  Gulf  is 
:t.  Fig.  32  shows  the  bridge  and  a  en 
itde. 


s  section  of  the  river 
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The  mill  of  Robert  A.  Randal  is  on  Trinity  River,  near  Raodol, 
Tarrant  County.  The  dam  is  made  of  stone,  is  100  feet  long,  and 
was  built  in  1887.  The  power  is  generated  by  one  40-inch  l^effel  tat- 
bine,  under  a  head  of  10  feet,  and  develops  12  horsepower.  Ai> 
auxiliary  steam  engine  of  40  horsepower  is  used  to  supplement  the 
water  power.    The  power  is  used  to  run  a  flouring  and  corn  mill. 

CLEAR  PORK  OF  TRINITY. 

From  1860  to  1870  there  were  three  Nourishing  water-power  mills 
on  Clear  Fork  of  the  Trinity  above  Fort  Worth.  Two  of  these 
were  in  Parker  County,  10  and  18  miles  below  Weatherford,  while  the 
other  was  in  Tarrant  County,  20  miles  below  Weatherford,  at  the 
present  post-office  of  Bear  Creek.  After  the  land  was  cleared  iM 
grazing  more  extensively  practiced  Clear  Fork  lost  its  capacity  as  a 
power  stream.  In  the  years  alluded  to  the  grass  was  luxuriant,  spiioga 
issued  from  the  foothills,  and  it  was  only  on  extreme  occasions  that 
the  stream  stopped  flowing  at  Bear  Creek.     Now  the  conditions  are 
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WHITE  ROCK  CREEK. 

The  mill  of  J.  R.  Harrington  is  on  White  Rock  Creek,  Hill  County. 
Hie  dam  was  constructed  of  posts  and  plank,  in  1875,  and  gives  an 
average  head  of  8  feet.  One  27-inch  Leffel  turbine  generates  10 
borsepower  when  the  stream  flows. 

MILL  CREEK. 

The  mill  of  J.  C.  Shelton  is  6  miles  southwest  of  Athens,  on  Mill 
Creek,  a  tributary  of  Trinity  River.  One  Ridgeway  20-inch  tur- 
bine develops  the  power  under  a  head  of  10  feet,  and  it  is  used  in 
running  a  gin,  press,  and  gristmill.  The  mill  is  generally  operated 
ten  hours  a  day  and  develops  10  horsepower.  The  dam  is  900  feet 
long  and  was  constructed  in  1860  out  of  plank,  sand,  and  stone.  The 
mill  race  is  about  300  feet  long  and  is  5  feet  wide  and  2.5  feet  deep. 

The  mill  of  C.  F.  Booth  is  5  miles  southwest  of  Jacksonville,  on  Mill 
Creek,  a  tributary  of  Trinity  River.  The  dam  is  60  feet  long,  8 
to  10  feet  high,  and  develops  a  head  of  17  feet.  The  power  is  gener- 
ated by  an  overshot  wheel,  and  it  is  used  to  operate  a  70-saw  gin  and 
a  gristmill.  The  dam  is  located  on  the  right  of  the  Jacksonville- 
Palestine  road,  but  the  race,  which  is  about  one-fourth  mile  long, 
conveys  the  water  under  the  higliway  to  the  mill  on  the  south  side  of 
the  road.     Under  usual  conditions  about  12  horsepower  is  developed. 

BIG  ELKHART  CREEK. 

The  mill  of  W.  J.  Chaffin  is  5  miles  northwest  of  Grapeland,  Hous- 
ton County,  on  Big  Elkhart,  a  tributar\^  of  Trinity  River.  A  small 
dam  is  used  to  deflect  the  water  into  the  mill  race,  which  is  one-half 
mile  long.  The  main  shaft  in  this  mill  was  secured  from  an  old 
wrecked  steamboat  on  Trinity  River,  at  Parker  Bluff.  The  wheel  is  a 
**  pitch  back,"  or  three-fourths  breast,  23  feet  in  diameter,  with  76 
buckets  or  troughs,  giving  an  effectual  head  of  22  feet.  This  wheel 
runs  a  56-inch  saw,  a  cotton  gin,  and  a  gristmill.  The  cotton  press  is 
Tun  by  water  power  by  a  shaft  that  connects  with  a  12-foot  wheel,  and 
the  press  rotates,  instead  of  the  usual  practice.  The  flow  of  the  stream 
as  measured  was  5  second-feet. 

BOGGY  CREEK. 

Boggy  Creek  rises  in  the  western  part  of  Leon  County,  Tex.,  and 
Bows  east  to  its  junction  with  the  Trinity.  There  are  several  good 
mill  sites  on  this  creek.  Formerly  water-power  plants  existed  at 
the  present  steam  plant  of  Cox  &  Babb,  1  mile  south  of  Middleton; 
at  the  Elisha  Oden  place,  8  miles  south  of  Centerville;  and  at  the 
Hayden  site,  9  miles  southwest  of  Centerville.  The  mill  of  J.  D. 
Douthit  18  11  miles  south  of  Jewett,  on  the  Vie«LA.\N«uVfct^  ol  \!jsi^^?^i 
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Creek.  It  consists  of  a  grist  mill  and  a  45-aaw  gin,  which  are  ope 
rated  hy  an  overshot  wboel  '■M  feet  in  diametnr.  The  mill  was  buil 
in  18CII  and,  while  of  small  capacity,  is  still  a  factor  in  the  millinj 
work  of  its  section.  A  dirt  dam  20  feet  high  deflpcts  the  water  into  i 
race  1,20')  feet  long,  3  feet  wide,  and  of  varying  depth. 

NErilES  RIVEB. 

Neches  River  rises  in  Van  Zandt  County  and  flows  through  thi 
hearily  wooded  section  of  east  Texas  and  tinnlly  enters  SaViiiid  I^akt 
south  of  IV-aumont.  Its  total  drainage  area  above  Beaumont  is  lu,2(H 
square  inileH.  Its  largest  tributary  i«  the  Angelina,  but  it  ^eceive^ 
many  Mmaller  streams  in  its  course,  and  on  account  of  its  flowing 
through  a  heavily  timbered  section  the  flow  of  these  tributaries, 
although  small,  is  fairly  constant,  and  many  of  them  support  small 
water-power  plants.  These  are  located  in  Van  Zaudt,  Henderson, 
Angelina,  San  Augustine,  Houston,  Tyler,  Polk,  and  Jasper  counties. 
On  September  10,  1902,  alxiut  100  yai-ds  below  the  crossing  of  the 
International  and  Great  Northern  Bailroad.  tlie  Neches  tiad  a  Bow  oi 
26  sceond-feet.  At  the  time  of  measurement  the  water  was  clear  o' 
all  sediment,  but  it  had  the  organic  tinge — the  leaf-stain  color— anc 
wbit«  pajier  held  beneath  the  surfaee'a  few  inches  a.ssumcd  a  decidedH 
yellow  color.  The  people  at  Neches  said  that  on  the  date  of  measore 
ment  the  river  was  about  as  low  as  it  ever  got.  The  following  is 
list  of  the  water-power  plants  in  the  watershed  of  Nechea  River: 


Wala-pmeer  plant!  in  Ifechai  wcOenhtd. 

Owner. 

Po«W.fflce. 

Head. 

dam.  " 

Horei'. 

power. 

Kind  of  whe<--» 

Fut. 
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do.... 

do.... 

do.... 
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do 

San  Augustine... 

T»rbin«e. 
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15 

18 
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\     A'&wfti...-. 
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Water-potoer  plants  w  Neches  watershed — Continued. 


Owner. 


W.  J.  B.  AdaniH  . . . 

R.L.  Pickle 

K.J.  Smith 

Farrow  (T.  J.)   A 

Feigi»)ii* 
L  P.  Lewis 


E.  P.Wallace.. 
P.  H.  Fondreu. 


Post-ofBce. 


Jasper 

do.... 

do.--. 

Pace  Ferry 


Head. 


Ftet. 
10 

8 

8 

8 


Chester. 


J.  C.  Harrelson 
J.  M.  Wigley  . . 
Ed.  Wheat 


BevilA  Bullock... 
Nugent  &  Tompkins 

A.£.Pope 

J'N.  Young 

Harion  Davis 

B.P.CoUins 

W.  W.  McKinnis  . . 

J- O.Smith 

^•B.Dehart 

^H.  Hopeon 

^.  R.  Caasels 

^'  D.  Johnston 


Colmesneil 
do  .... 


do 

Emilee 
Mobile 


Woodville . . 

Juno 

Hillister 

Kiam 

Charity 

Dallardsville. 

Spurger 

Jasper 

do 

Smith  Ferry , 

Charity 

Knight 


9 
9 

6 
8 
9 

10 

7 
7 
8 
9 
5 


6 
5 
8 
5 
o 


Material  of 
dam. 


Timber 
Earth.. 

do  . 

do  , 


Earth  and 
plank. 

Earth 

Earth  and 
plank. 

Timber 

Plank 

F>arth 


-do 
do 
.do 
.do 
do 
do 
do 
do 
.do 
.do 
.do 
.do 


Horse- 
power. 


4 
15 
24 
20 

12 

15 

7 

8 
16 
32 

20 
8 
12 
15 
12 
6 


6 
4 
/ 
3 

8 


Kind  of  wheel. 


Turbine. 
Do. 
Do. 

Pressure. 

Turbine. 
Do. 

Do. 

Do. 

Pressure 
scroll. 


and 


Eclipse. 

Wooil. 

Turbine. 

Do. 
Buck  horn. 
Woo<l. 
Homemade. 
Turbine. 
Small  wood. 
Wood  turl)ine. 
Paddle. 

Do. 


A  gaging  station  was  established  on  the  Neches  at  Fords  Bluff  (Eva- 
^le),  Jasper  County,  July  1,  1904.  The  river  at  this  point  has  good 
"«lnk8,  the  water  is  deep  and  rather  sluggish,  and  the  banks  are  heavily 
^ooded.  Measurements  are  made  from  the  })ridge  of  the  Gulf,  Colo- 
re and  Santa  Fe  Railroad. 


MILL  BRANCH. 


Roberts  mill  is  located  in  the  southern  part  of  Van  Zandt  County, 
^ii  Mill  Branch,  a  tributary  of  the  Neches.  The  head  is  reported  as 
'^bout  20  feet,  the  wheel  an  overshot,  23  feet  in  diameter.  An  earth 
^Hm  deflects  the  water  into  a  race  about  125  feet  long.  The  dam  has 
Proved  reasonably  permanent.     The  water  is  furnished  by  local  springs. 
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PEDRO  CREEK. 

Four  miles  north  of  Grap^land,  Houston  County,  the  mill  of  C.  C. 
Chaffin  receives  its  power  from  Pedro  Creek,  a  tributary  of  Neches 
Kiver.  A  race  1,500  feet  long  conveys  the  water  to  the  18-foot  "pitch 
back,"  or  three-fourths  breast  wheel,  which  gives  an  effective  head  of 
17  feet.     The  mill  consists  of  a  50-saw  gin  and  a  gristmill. 

One  and  a  half  miles  east  of  Grapeland,  on  Pedro  Creek,  is  the  mill 
of  Ferguson  &  Weisinger.  The  dam  is  made  of  dirt  and  is  250  feel 
in  length  and  14  feet  high.  The  power  is  generated  by  an  overshot 
wheel  under  a  head  of  14  feet.  The  capacity  of  the  plant  is  6  bales  of 
cotton  a  day.  The  stream  is  formed  of  three  good  short  branches, 
the  longest  of  which  is  2i  miles.  The  mill  pond  covers  7  acres,  and 
the  water  can  be  stored  and  utilized  during  working  hours. 

DOVE  CREEK. 

The  Dove  Creek  mill,  operated  by  A.  Tubbe,  is  on  Dove  Creek  in 
Nacogdoches  County.  The  dam  is  made  of  400  feet  of  earth  and  a  36- 
foot  section  of  timber,  and  was  built  in  1871.  The  head  varies  from 
lOi  to  12  feet,  with  an  average  of  11  feet.  The  power  is  generated 
by  one  26-inch  Leffel  turbine,  which  is  generally  run  at  half  its  limit 
The  mill  is  run  eleven  hours  a  day,  and  can  develop  40  horsepower. 
Throe  and  oiie-liiilf  miloH  above  the  Tubbe  mill  is  an  excellent  site  for 
a  mill,  where  a  dam  V2  feet  high  could  be  constructed. 

BIG  IRONOSA  CREEK. 

The  Gamble  mill  is  located  on  the  Big  Ironosa,  about  5  miles  above 
the  Langford.  It  is  owned  and  operated  by  C.  A.  Gamble,  and  used 
to  run  a  55-saw  Pratt  ^in.  The  power  is  at  present  generated  bv  a 
homemade  32-ineh  tub  wheel,  with  a  two-third  gate  opening,  and  its 
power  is  (juoted  as  (>  horsepower.  It  is  intended  to  add  a  new  Leflfel 
turl)ine.  It  is  the  second  mill  from  the  mouth  of  the  stream  and  is 
northwest  of  San  Augustine,  in  San  Augustine  County.  The  effective 
head  varies  from  6  to  11  feet,  the  average  being  estimated  at  10  feet. 
The  dam  is  ])uilt  of  dirt  and  rocks,  is  about  300  feet  long,  and  was 
built  in  1898.  The  mill  pond  covers  about  50  acres  above  the  dam. 
The  flow  of  the  stream  is  estimated  at  G  second-feet. 

On  Big  Ironosa  Creek  about  IG  miles  northwest  of  San  Augustine, 
in  San  Augustine  County,  is  the  small  gin  and  gristmill  of  W.  J. 
Langford  &  Son.  The  gin  is  a  50-saw  Pratt,  and  ordinarily  gins 
about  175  bales  of  cotton  a  season.  The  gristmill  runs  two  days 
each  week.  The  power  is  generated  by  two  old-fashioned  homemade 
wheels.  The  larger  is  4  feet  in  diameter  and  operates  the  gin,  while 
the  smaller,  30  inches  in  diameter,  operates  the  gristmill.     An  addi- 
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ioDsl  wheel,  a  De  Loach  30-inch  turbine,  has  been  added.  The  stream 
laB  a  flow  of  about  15  second-feet,  and  the  effective  head  varies  from 
to  8  feet,  with  an  average  of  about  6.  The  dam  is  built  of  brush, 
Qud,  and  stones,  and  has  a  length  of  about  30  feet.  It  was  built  about 
.880.  It  has  been  badly  damaged  several  times  by  floods,  but  has 
lever  been  washed  entirely  away. 

AYISH  BAYOU. 

The  Jeff  Bland  mill,  the  third  from  the  mouth,  is  located  on  the 
rest  branch  of  Ayish  Bayou,  in  San  Augustine  County,  about  5  miles 
lorth  of  San  Augustine,  on  the  line  of  the  new  railroad  from  Center 
o  Son  Augustine.  The  power  is  used  in  running  a  small  gin  and 
pristmill.  Formerly  a  sawmill  was  attached  to  the  plant,  but  a  30- 
lOTsepower  steam  engine  has  been  added  to  operate  the  saw.  The 
low  of  the  stream  is  about  4  second-feet,  and  the  head  varies  from 
i  to  10  feet.  The  power  is  generated  by  a  20-ineh  Leffel-Sampson 
urbine,  and  the  estimated  capacity  is  15  horsepower.  The  dam  was 
milt  in  1895.  Its  length  is  270  feet,  and  the  mill  pond  covers  about 
M)  acres.    The  mill  is  operated  by  Wade  Arnold. 

Jeff  Bland's  second  mill  is  on  the  east  branch  of  the  Ayish  Bayou, 
md  is  about  5  miles  northeast  of  San  Augustine.  The  flow  of  the 
stream  is  8  second-feet.  The  power  is  generated  by  a  breast  wheel  20 
feet  in  diameter,  and  is  estimated  to  have  a  capacity  of  26  horsepower. 
A  Waddell  overshot  wheel  13  feet  in  diameter  and  a  23-inch  Leffel 
standard  turbine  have  been  used  at  different  times.  The  dam  was  built 
of  dirt  about  sixteen  years  ago,  is  300  feet  long,  and  backs  the  water 
over  10  acres.    The  power  is  used  in  operating  a  gin  and  gristmill. 

Horton  Sheffield's  mill  is  about  2^  miles  north  of  San  Augustine,  on 
Ayish  Bayou,  below  the  junction  of  the  east  and  west  branches,  on 
^hich  are  situated  the  Bland  mills.  The  dam  was  in  poor  repair  when 
Been  in  January,  1903.  The  water  is  used  to  run  the  gristmill,  while 
m  IS-horsepower  steam  engine  is  used  to  operate  the  gin.  The  flow  of 
the  stream  is  8.5  second-feet  at  the  ford,  one-half  mile  above  the  dam. 
^e  mill  site  is  on  the  new  railroad  from  San  Augustine  to  Center. 

The  mill  of  Jerry  Fonville  is  about  5  miles  south  of  San  Augustine, 
on  Ayish  Bayou,  and  is  the  first  from  its  mouth.  The  power  is  used 
in  ginning  cotton  and  grinding  corn  and  in  running  a  sawmill.  The 
{in  is  a  GO-saw,  and  generally  puts  up  275  bales  a  season.  A  meas- 
urement of  the  stream  in  January,  1903,  gave  a  discharge  of  17  second- 
feet  The  power  is  generated  by  a  4:0-inoh  Lctfel-Sampson  turbine 
under  a  head  of  8  feet.  The  dam  is  built  of  wood,  is  50  feet  long,  and 
is  located  on  the  site  of  an  old  Spanish  mill  on  Ayish  Bayou. 


90  WAina  tpowbbb  or  ssaua  DM.m 

MILL  CRBBK  (8A«1IB  COUNTY). 

Meig's  mill  is  1  mile  above  BelPft|  on  Mill  Greek,  and  is  near  tiie  town 
of  Brookeland.  The  timber  dam  was  oonstnicted  in  1879.  It  is  30 
feet  long  and  8  feet  hig^  The  head  varies  from  4  to  8  feet,  and  the 
power  is  nsed  in  operatiii^  a  sawmill,  a  gristmill,  and  a  gin.  AS8-ineh 
Leffel-Sampson  tnrUne  generates  tbs  power.  Ihe  flow  of  the  streaai 
is  10  seoond-f eet. 

Bell's  sawmill  is  on  Mill  Creek,  1  mile  from  Brookeland,  Sabii^^ 
County,  about  6  miles  from  the  Sabine  and  San  Augostine  county  Utxe 
and  about  18  miles  southeast  of  HemfdoilL    It  is  the  first  dam  above 
the  mouth  of  the  stream  and  is  1  mitoabove  the  junction  of  Mill  Creslr 
with  Bear  Creek.    The  jAuit  is  numaged  by  Wood  &  McOall,  and 
consists  of  a  sawmill,  a  gristmill,  and  a  TOnsaw  cotton  gin.    The  dam 
was  built  in  1896  and  is  90  feet  long.    The  power  is  generated  bjrs 
20-inch  Leffel  turbine,  uiadera  full  Imd  of  9  feet,  and  is  estimated  at 
12  horsepower.    The  flow  of  the  stream  was  found  to  be  1C.6  seoood- 
feet 

INDIAN  CRBSK. 

The  mill  of  L.  E.  Jones  is  7  miles  west  of  Jasper  on  Ibidian  Cre^ 
A  dirt  dam  22  feet  long  and  6  feet  maTimnm  height  is  used.  A 
28-inch  Leffel  turbine,  under  a  head  of  H  feet,  runs  a  SO-saw  gin  and 

the  gristmill.    The  gin  during  the  season  is  run  ten  hours  a  day. 

R.  L.  Pickle's  mill  is  9  miles  west  of  Jasper,  on  Indian  Creek.  One 
20-inch  Sampson  turbine,  under  an  average  head  of  7i  feet,  runs 
the  60-saw  gin  and  a  gristmill.  A  curved  dirt  dam  250  feet  long  and 
6  feet  high  backs  the  water  over  15  acres.  One  hundred  feet  of  the 
dam  is  covered  with  plank  to  serve  as  a  wasteway. 

SANDY   CREEK  (JASPER   COUNTY). 

The  mill  of  W.  J.  B.  Adams  is  on  Sandy  Creek  2  miles  east  of 
Jasper,  and  is  managed  by  J.  H.  Singletary.  It  is  the  second  from 
the  mouth  of  this  stream.  The  dam  is  100  feet  long  and  is  made  of 
timber  and  dirt.  The  head  on  the  wheels  is  at  present  4  feet,  and  the 
power  is  developed  by  an  old  36-inch  wheel.  It  is  evStimated  that  4 
horsepower  is  generated  for  two  hours  each  day.  Both  the  dam  and 
the  mill  are  in  bad  condition  and  are  liable  to  give  way  at  any  moment 
The  flow  of  the  stream  is  13  second-feet,  and  a  head  of  10  feet  could 
readily  be  obtained,  which  would  generate  30  horsepower  for  eight 
hours  a  day  provided  the  flow  of  the  stream  is  conserved. 

The  mill  of  K.  J.  Smith  is  10  miles  south  of  Jasper,  on  Sandy  Creek, 

which  flows  into  Neches  River.     A  dam  125  feet  long  and  10  fee* 

high  impounds  the  water.     The  power  is  developed  by  one  30-incb 

Leffel  turbine  and  one  30-inch  homemade  pressure  wheel  under  »    ^ 

bead  of  8  feet.    Together  thea^  wheels  can  develop  24  horsepower,    ' 

which  ia  used  in  operating  a  10-eaw  gvn  axidi  «l  ^V^XhSJu  ' 
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FRONT  CREEK. 

nt  of  Farrow  &  Ferguson  is  on  Front  Creek,  in  Jasper 
id  is  equipped  with  two  Leffel  turbines,  30  and  35  inches  in 
which  run  under  an  average  head  of  8  feet.  The  dam  is 
^arth,  is  40  feet  long,  and  has  been  washed  away  many 
le  last  thirty  years. 

RUSSELL  CREEK. 

.  of  L.  P.  Lewis  is  on  Russell  Creek,  in  Tyler  County.  The 
k  dam  is  30  feet  long  and  9  feet  high.  The  power  for  the 
istmill  is  generated  by  a  homemade  wheel,  which  generates 
»wer.  An  auxiliary  steam  engine  of  20  horsepower  is  used, 
^as  first  constructed  in  1856  and  has  been  washed  away  twice 
time,  the  last  time  in  1902. 

BILLUM  CREEK. 

of  E.  p.  Wallace  is  located  on  Billum  Creek,  Tyler  County. 
s  50  feet  long,  5  feet  high,  and  was  constructed  of  dirt  in 
B  power  is  generated  by  one  Leffel  17-inch  turbine,  under 
3  head  of  9  feet,  which  develops  15  horsepower,  which  is 
Qning  a  cotton  gin,  a  gristmill,  and  a  small  sawmill. 

SPRING  CREEK. 

liles  west  of  Colmesneil,  Tyler  County,  on  Spring  Creek, 
les  from  its  head,  is  the  gin  and  gristmill  of  P.  H.  Fondreu. 
at  this  point  flows  in  a  northwest  direction,  and  the  curved 
ide  of  dirt  and  provided  with  a  40-foot  timber  wasteway. 
louse  is  placed  on  the  part  of  the  dam  that  is  transverse  to 
,  the  main  dam  being  extended  in  wings  on  each  side  of  the 
he  stream,  and  complete  forms  three  sides  of  a  rectangle  in 
ill  length  being  500  feet.  A  27-inch  Leffel  turbine,  under 
t  varies  from  8  to  11  feet,  is  used.  It  works  under  an  aver- 
f  9  feet  and  runs  a  50-saw  gin  and  a  gristmill.  During  the 
gin  is  run  ten  hours  a  day. 

WOLF  CREEK. 

es  east  of  Colmesneil,  on  Wolf  Creek,  is  the  mill  of  J.  C. 
The  dam  is  35  feet  long  and  10  feet  high,  and  is  made  of 
wo  Leffel  turbines,  27  and  48  inches  in  diameter,  generate 
,  under  ii  head  of  6  feet.  The  stream  has  an  abundant  flow, 
ms  over  the  dam  when  both  wheels  are  at  work. 
I  of  J.  M.  Wigley  is  about  1  mile  north  of  Emilee,  Tyler 
id  it  gins,  saws,  and  grinds.  The  power  is  generated  by  a 
ffel  turbine,  which  is  run  under  an  average  head  of  8  feet 
iree-fourth  opening  generates  16  (estimated)  liorse^wer. 
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COWPEN  CREEK. 

Near  Mobile,  Tyler  County,  on  Cowpen  Creek,  is  located  the  mill  of 
Ed.  Wheat.     A  dam  200  feet  long  and  14  feet  high  raises  the  water  to 
furnish  an  average  head  of  9  feet.     One  30-inch  pressure  wheel  and 
one  30-inch  scroll  wheel  are  used  to  furnish  power.    The  stream  is 
supported  by  lasting  springs. 

MILL  CREEK  (TYLER  COUNTY). 

The  mill  of  Bevil  &  Bullock  is  near  Woodville,  Tyler  County,  on 
Mill  Creek.  An  earth -and- wood  dam  180  feet  long  and  10  feet  high  is 
used  to  raise  the  water  to  an  average  head  of  10  feet.  The  power  h 
generated  by  two  40-inch  wheels. 

The  mill  of  M.  N.  Nugent  and  B.  Q.  Tompkins  is  on  Mill  Creek,  in 
Tyler  County,  and  the  power  is  developed  by  a  homemade  wooden 
wheel,  which  under  a  head  of  8  feet  generates  4  horsepower.  The 
dam,  300  feet  long  and  3  feet  high,  was  constructed  of  dirt  and  brush 
in  1845.  The  water  is  led  to  the  wheel  by  a  race  120  feet  long,  12 
feet  wide,  and  3  feet  deep. 

THONEVIN   CREEK. 

The  mill  of  A.  E.  Pope  and  his  son,  Randal  Pope,  is  10  miles  south- 
east of  Woodville,  on  Thonevin  Creek,  Tyler  County.  The  earth-plank 
dam  was  built  in  1S71,  is  00  feet  long,  10  feet  high,  and  produces  a 
hc^ad  from  4  to  8  f eot,  with  an  average  of  C^^  feet.  The  power  is  devel- 
oped by  one  3()-inch  l)e  Loach  turbine,  run  at  three-fourths  opening, 
with  200 square  inchos  vent,  which  furnishes  10  (estimated)  horsepower. 
The  plant  inchidos  a  40-saw^  gin,  a  gristmill,  and  a  sawmill. 

MILL    CREEK  (POLK    COUNTY). 

J.  N.  Young's  sawmill  and  gristmill  is  located  on  Mill  Creek,  in  Polk 
County,  and  the  power  is  generated  by  a  Leffel  turbine  under  an 
avera<rc  head  of  8  foot.  The  stream  runs  the  vear  round  and  furnishes, 
by  estimation,  10  horsepower.  During  the  cotton  season  three  daV!* 
a  w^eek  are  spent  in  ginning  and  two  in  grinding. 

DOUBLE  BRANCH  CREEK. 

Marion  Davis's  mill  is  located  in  Polk  Countv,  on  Double  Rninch 
Creek,  near  Charity  post-oflice.  An  earth  dam  225  feet  in  length  by 
12  feet  in  height  creates  an  effective  average  head  of  Si  feet.  The 
stream  runs  throughout  the  year,  but  the  mill  is  operated  only  a  part  of 
the  time. 

KIMBALL   CREEK. 

On  Kimball  Creek,  in  Polk  County,  the  mill  of  B.  F.  Collins  generates 
j^^  power  by  a  wooden  w  heel  36  inches  in  diameter.  This  is  known  as 
the  old  Griffin  mill,  and  was  \>vV\\t  m  l^^vo,    T\v^  ^-^xm  k  300  feet  long 
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i  was  constructed  of  dirt.  The  power  is  used  to  run  a  cotton  gin 
1  gristmill. 

Che  mill  now  owned  by  W.  W.  McEinnis  was  formerly  owned  by 
m  Shefield,  and  is  sometimes  known  as  the  ^^Sbefield  mill.''  It  is 
ated  12  miles  south  of  Spurger,  in  Tyler  County,  near  Neches 
ver.  One  36-inch  homemade  wheel  with  12  buckets  was  used  to 
irelop  the  power.     It  consists  of  a  cotton  gin  and  gristmill. 

BIG  CREEK. 

J.  O.  Smith's  mill  is  located  on  Big  Creek,  in  Jasper  County,  and 
asists  of  a  gristmill  and  cotton  gin.  A  dam  200  feet  long  and  7 
>t  high  was  constructed  of  dirt  in  1868.  A  mce  200  feet  long,  5 
5t  wide,  and  5  feet  deep  conveys  the  water  to  the  penstocks,  where 
o  36-inch  turbines  generate  the  power  under  an  average  head  of  6 
A.  The  gristmill  is  run  two  and  one-half  hours  each  day,  while 
5  gin  is  run  eight  hours  from  October  to  February. 
rhe  mill  of  D.  R.  Debart  is  located  on  a  small  nameless  stream  in 
sper  County,  where  a  dam  200  feet  long  and  6  feet  high  raises  the 
ter  so  that  an  average  head  of  4i  feet  is  obtained.  The  power  is 
nerated  by  a  small  30-inch  wooden  wheel.  The  dam  washes  away 
arly  every  year. 

MARSHALL  CREEK. 

E.  H.  Hopson  operates  a  mill  on  Marshall  Creek,  in  Tyler  County, 
run  a  gristmill  and  cotton  gin.     The  dam  is  50  feet  long,  8  feet 
fh,  and    is  made    of  dirt.     One  Cowart  wooden   32-inch  wheel 
velops  7  horsepower  under  an  average  head  of  7i  feet. 

SANDY  CREEK   (POLK  COUNTY). 

On  the  West  Fork  of  Sandy  Creek,  a  tributary  of  the  Neches,  near 
larity  post-office,  H.  R.  Cassels  runs  a  small  mill  by  water  power, 
dirt  dam  60  feet  long  and  5^  feet  high  was  built  in  1000.  The  dam 
?es  a  head  of  5  feet.  A  homemade  paddle  wheel,  4:  feet  in  diameter, 
velops  3  horsepower,  and  the  mill  is  ordinarily  run  three  hours 
lay. 

EDWARDS  CREEK. 

Near  Knight  post-office,  in  Polk  County,  S.  P.  Johnston  operates  a 
iter-power  plant  on  Edwards  (or  Waterhole)  Creek,  where  a  head 
at  varies  from  2  to  8  feet  is  obtained,  with  an  average  of  5  feet.  A 
m  30  feet  long  and  8  feet  high  was  constructed  out  of  corn  sacks 
led  with  sand.  The  wheel  is  of  special  construction,  3  feet  in  diam- 
%  and  generates  8  to  10  horsepower,  and  as  the  stream  flows  the 
ar  round,  the  mill  can  be  operated  from  two  to  twelve  hours 
lay. 


^W                                     WATER   POWTES   OF  TBXAS.                                 pB 

W                                                   SABINE  RIVER. 

\ 

Sabine  River  has  iU  headwatort,  in  Collin  County  and  flows  ii 
southeasterly  direction  to  the  State  line.     It  then  flows  south,  fomii 
tb«  Itouudary  Imtween  Louisiana  and  Texas,  to  the  Gulf  of  Mexico.   1 
itmall  tributariea  in  cast  Texas  support  many  small  mills,  and  the  Sabj 
jtsolf  in  navigable  for  several  hiindn'd  miles.    The  drainage  area  of  1 
Habine  in  Texas  above  Orange  ih  7,500  itquarn  mile^,  aiid  its  total  dm 
Rge  area  above  Orange  in  Louisiana  and  Texas  is  10,400  square  mil 

A  gaging  station  wils  established  on  the  Sabine  at  the  lutcriiatioi 
and  Great  Northern  Railroad  bridge,  near  Long\'iew,  in  Decembt 
1W6;  observations  (.ouimeneed  January  1,  IWH.     The  river  at  tJ 
point  iias  a  constant  flow.     A  nicAsurement  on  December  22,  19(1 
gave  a  discliarge  of  '254  second-feet. 

The  following  is  a  list  of  the  wat«r-p<»wor  pliuits  in  the  waterslied  i 
the  Sabine  in  Texas: 

Wnlfr-i-owrr  plajM  in  tndtnhed  ,.{  Sabine  Rivrr. 

Owner. 

nHtoBlde.    - 

H«d, 

powff. 

WheeL 

Ffel, 

110 
12 
12 
40 

6 
S 
12 
15 

10 
10 

6 

Turbine. 
Do. 
Do. 

8 

16 
12 

Woodtown 

1 

T 

7 
7 
6 

G.  W.  Smith 

Weatbrook  Brothere 

do 

Beech  Grove 

6 

8 
16 
16 

10 
4 

8 

e 

20 
10 

so 

4 

8 

Do. 
Turin  DC. 

J.  RLee 

LeeeMill 

J.  T.  Willet  

Hoganaville 

Ac 

m  B.  Jones         

m  TtiTM  wbMta. 


%  Tim  ■w^iWi''*. 
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LITTLE   SANDY   CREEK. 

Three  miles  northeast  of  Hawkins,  Wood  County,  on  Little  Sandy 
Greek,  is  the  mill  of  Edwin  Shamburger.  A  rock  dam  300  feet  long 
tnd  7  feet  high  was  constructed  in  1880.  A  5  by  6  foot  mill  race  40 
feet  long  conveys  the  water  to  the  penstocks,  where  a  24-inch  Burn- 
him  turbine  develops  about  7i  horsepower.  The  creek  runs  all  the 
year  round,  and  the  power  is  used  to  run  a  gristmill  and  cotton  gin. 

BIO   SANDY  CREEK. 

The  mill  of  H.  A.  Seago  is  on  the  Big  Sandy,  3  miles  northeast  of 
the  town  of  Big  Sandy.  It  was  built  in  1903  and  is  substantial  and 
modem  in  its  equipment.  The  dam  is  3  feet  thick  on  top  and  10  feet 
at  the  bottom  and  is  constructed  of  rubble  masonry  laid  in  cement.  It 
is  located  just  below  and  parallel  to  the  highway  bridge  and  develops 
»  head  of  8  feet.  The  power  is  generated  by  one  45-inch  Davis  tur- 
bine, which  gives  90  horsepower.  The  water  is  admitted  to  the  pen- 
stocks through  a  mill  race  60  feet  long,  9.4  feet  wide,  and  5  feet  deep. 
In  December,  1903,  the  discharge  in  the  mill  race  was  97  second-feet. 

GREENSTREAM  CREEK. 

In  the  eastern  part  of  Wood  County  J.  A.  Shields  operates  a  small 
inill  on  Greenstream  Creek,  where  a  dirt  dam  150  feet  long  and  10 
^eet  high  is  constructed.  A  race  600  feet  long,  3  feet  deep,  and  12 
^eet  wide  leads  the  water  from  the  mill  pond  to  the  mill,  where  a  head 
o|  16  feet  is  obtained.  The  power  is  generated  by  a  12-inch  Burnham 
turbine  and  is  used  in  running  a  corn  mill  and  cotton  gin. 

BENTON  CREEK. 

On  the  head  of  Benton  Creek,  in  Harrison  County,  O.  P.  H.  Wood 
^Uns  an  18-inch  gristmill  and  a  50-saw  gin.  These  are  run  by  one 
l8-inch  De  Lioach  turbine,  which  generates  its  power  under  a  head  of 
^  feet.  A  dam  of  sand  and  clay  300  feet  long  and  20  feet  high  was 
«uilt  in  1891.  A  mill  race  150  feet  long,  4  feet  deep,  and  4  feet  wide 
^nveys  the  water  to  the  penstocks.  The  mill  is  run  four  hours  a 
ity,  and  the  capacity  is  estimated  at  12  horsepower. 

NEAL  CREEK. 

The  mill  of  J.  A.  Stinson  is  on  Neal  Creek,  a  tributary  of  the  Big 
Sandy,  in  Wood  County.  Two  Bumhani  turbines  16  and  13  inches  in 
diameter  develop  the  power  under  an  average  head  of  31i  feet,  the 
greatest  head  being  32  and  the  lowest  31  feet.  An  earth  dam  195  feet 
hng  and  8  feet  high  is  located  three-fourths  of  a  mile  above  the  mill. 
The  water  is  conveyed  to  the  mill  by  a  race  1,500  yards  long,  9  feet 
wide,  and  2i  feet  deep.  The  power  is  used  to  run  a  cotton  gin  for 
eleven  hours  a  day  during  the  season. 
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8AHDY  &AYOU. 

A  mill  is  located  on  Sandy  Bayou,  in  Shelby  CSonnty.  A  woodoi 
dam  30  feet  long,  which  develops  an  average  head  of  10  feet,  was  baiH 
in  1 896.  One  18-inch  De  Loach  torbine  is  used  and  when  ranning  foU 
develops  6  horsepower.  There  are  6  other  mill  sites  on  the  stream 
which  could  be  utilized  for  power  purposes  and  which  would  give 
heads  of  from  12  to  15  feet 

TBNBHA  CRBBX. 

The  mill  formerly  owned  by  £.  H.  Heame  is  now  owned  and  oper- 
ated by  J.  W.  Bailey.  It  is  situated  on  Teneha  Creek  near  Neuville, 
in  the  southern  part  of  Shelby  County,  and  was  built  in  1900.  The 
power  is  generated  by  an  overshot  wheel  37  feet  in  diameter,  with  an 
effective  head  of  25  feet  A  dirt  dam  200  feet  long,  with  a  maximum 
height  of  7  feet,  deflects  the  water  into  a  nodU  race  one-half  mile  bug 
and  S  feet  wide.  The  power  is  used  to  run  a  gristmill,  a  COnniw  cottoo 
gin,  and  a  shingle  mill. 

CLEAR  CREEK. 

The  mill  of  W.  T.  Pulliam  is  on  CSear  Creek,  Sabine  County,  and  is 
operated  by  two  homemade  26-inch  wheels,  which  work  under  an 
average  head  of  8  feet    The  dam  is  40  feet  long  and  8  feet  high  and 

is  constructed  of  timber  framework. 

HUNTER  CREEK. 

In  the  northwestern  part  of  Newton  County,  on  Hunter  Creek,  12 
miles  east  of  Jasper,  13  miles  southeast  of  Brookeland,  and  5  miles 
northwest  of  Farrsville,  is  the  mill  of  J.  T.  Dickerson.  The  plant 
consists  of  a  sawmill,  gin,  and  gristmill.  The  dirt  dam  was  built  in 
1900,  is  400  feet  long,  and  backs  the  water  over  14  acres  of  land.  The 
head  varies  from  4  to  9  feet,  the  average  being  7  feet.  The  36-incli 
wheel  is  an  old-fashioned  tub  wheel,  built  by  the  owner,  and  the 
capacity  is  estimated  at  12  horsepower.  A  smaller  wheel  of  the  same 
pattern  has  also  been  used.  It  is  the  intention  to  add  an  auxiliary 
steam  plant  of  12  horsepower. 

BIG  cow  CREEK. 

The  mill  of  T.  P.  Dickerson  is  on  Big  Cow  Creek,  at  Farrsville,  in 
the  northern  part  of  Newton  County,  11  miles  north-of  Newton.  The 
mill  is  used  for  ginning,  sawing,  and  grinding.  The  dam  is  the  first 
from  the  mouth  of  the  stream  and  is  built  of  dirt.  It  is  75  feet  long, 
8  feet  high,  and  backs  the  water  over  25  acres.  The  head  varies  from 
5i  to  7  feet.  The  power  is  generated  by  a  36-inch  Leffel-Sampson  tur- 
bine.     The  flow  of  the  stream  vitieu  measured  was  23  second-feet 
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LITTLE  COW  CREEK. 

ittle  Cow  Creek  is  about  5  miles  noi-theast  of  Farrsvillo.  At  the 
,  about  1  mile  from  the  Mattox  mill,  the  discharge  of  the  stream 
12  second-feet. 

bout  7  miles  north  of  Burkeville  and  6  miles  northeast  of  Farrs- 
5  on  Deer  Creek,  a  small  tributary  of  Little  Cow  Creek,  with  a  flow 
i  second-feet,  is  the  plant  of  J.  R.  Mattox,  consisting  of  sawmill, 
(with  a  capacity  of  200  bales  a  season),  and  a  gristmill.  The 
I  varies  from  5  to  7  feet,  with  an  average  of  6  feet.  Two  wheels 
jrate  the  power;  one,  an  old  32-inch  turbine,  operates  the  grist- 
,  while  the  other,  a  33-inch  Davis  turbine,  runs  the  rest  of  the 
binery.  The  dam  is  300  feet  long,  was  constructed  prior  to  1860, 
backs  the  water  over  10  acres.  Each  wheel  can  generate  10  horse- 
er  while  in  use  with  a  full  head.  The  mill  is  run  six  hours  a 
Five  miles  below  the  Mattox  mill  there  once  existed  an  old  mill 
d  the  Davns  mill,  below  the  junction  of  Deer  Creek  and  Little  Cow 
jk.  It  had  plenty  of  water  and  was  an  excellent  power  site, 
le  mill  of  L.  J.  Miller  is  located  4  miles  northeast  of  Burkeville, 
ton  County,  on  McGniw  Creek,  a  tributary  of  Little  Cow  Creek, 
stream  is  a  clear  spring  bed  creek,  6  to  8  feet  wide  and  2  feet 
►  in  the  center.  The  dam  is  15  feet  long,  with  maximum  depth  of  6 
and  was  constructed  of  dirt  in  1900.  The  power  is  generated  by 
•inch  wheel  under  a  head  of  6  feet. 

le  mill  of  Lamb  &  Hall  is  1  mile  east  of  Burkeville,  on  McGraw 
-k.  The  head  varies  from  4  to  8  feet,  with  an  average  of  7i  feet, 
dam  is  140  feet  long,  was  built  long  ago,  and  backs  the  water  over 
jres.  Three  homemade  wheels  generate  the  power  to  operate  the 
md  the  cotton  press  and  to  drive  an  emery  wheel.  The  flow  is  about 
econd-feet,  and  while  running  six  to  seven  hours  a  day  each 
3I  can  generate  12  horsepower.  The  gin  and  gristmill  of  L.  J. 
er  is  5  miles  above  that  of  Lamb  &  Hall. 

ttle  Cow  Creek  about  2  miles  south  of  Burkeville  had  a  flow, 
1  measured  in  December,  ltK)2,  of  24  second- feet.  The  stream 
wide  and  the  water  very  clear.  Little  Cow  and  McGraw  creeks 
3  2i  miles  southeast  of  Burkeville,  forming  Cow  Creek,  which,  4i 
s  below,  receives  the  water  of  Yellow  Cow  Creek  and  joins  Sabine 
r  13  miles  southeast  of  Burkeville. 

LYONS   CREEK. 

iven  miles  northwest  of  Newton,  on  Lyons  Creek,  a  tributary  of 

ly  Creek,  is  the  gristmill  and  gin  of   Westbrook  Brothers.     The 

of  the  stream  is  about  4  second-feet.     The  dirt  dam  is  300  feet 

and  6  feet  high.     The  mill  race  is  150  feet  long,  20  feet  wide,  and 
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6  feet  deep.    Hie  power  b  developed  by  one  8(K*iiidi  L^Bbl  tartane 
and  oiM  wooden  wl^eL 

MILLUM  CRBEIL 

On  Milium  Creek  8  miles  west  of  Newton  is  the  gin  and  grist- 
mill of  McGree  &  Griner,  which  is  ran  by  a  86-inch  wheel  under  an 
average  head  of  6  feet  The  plank  dam  is  40  feet  long  iwdll  feet  in 
total  height  It  was  bnilt  in  1891  and  has  never  washed  away.  A 
40-8aw  cotton  gin  and  a  gristmill  are  operated. 

The  Bishop  mill  is  on  Milium  Creek  2  miles  above  the  Benfro  mill 
and  7  miles  east  of  Jasper.  At  present  the  mill  is  managed  by  N. 
Hays,  and  the  power  is  used  mainly  in  sawing  and  ginning.  The 
dam  is  600  feet  long,  the  main  part  constructed  of  dirt,  while  the 
waterway  and  the  piut  across  the  main  channel,  about  60  feet  in 
length,  are  made  of  timber.  The  mill  pond  covers  30  acres.  The 
head  varies  from  4  to  5  feet;  the  wheel  is  4  feet  in  diameter,  and  when 
running  with  full  head  10  horsepower  is  developed. 

One  and  one-fourth  miles  above  the  mill  of  McGree  &  Grineir,  on 
MUlum  Creek,  is  the  Renf  ro  mill,  about  9  miles  east  of  Jasper.  It  is 
the  second  mill  from  the  mouth  of  the  stream,  being  located  midway 
between  the  mill  of  McGree  &  Griner  and  that  of  Bishop.  Eight 
horsepower  is  generated  by  two  wheels,  one  a  S6-inch  Davis  turlHoe, 
runninpf  the  50-saw  gin,  while  the  other  is  an  old-fashioned  homemade 
pressure  wheel,  4  feet  in  diameter.  The  dam  is  500  feet  in  length, 
was  constructed  partly  of  dirt  and  partly  of  timber,  and  backs  the 
water  ov^er  15  acres. 

MILL  CREEK. 

The  mill  of  Joe  S.  (Jriggs  is  in  Newton  County,  on  Mill  Creek.  A 
dam  ?A)()  feet  long  and  8  feet  high  was  constructed  of  dirt  in  1858. 
The  head  varies  from  5^  to  7i  feet,  averaging  7  feet.  Eight  horse- 
power is  developed  ])y  an  18-inch  Leffel  turbine.  The  mill  is  located 
at  the  dam,  and  no  mill  race  is  needed. 

CANEY  CREEK. 

The  mill  of  T.  J.  Kelly  is  in  the  town  of  Newton,  southwest  of  the 
court-house,  on  Caney  Creek.  The  dam  is  about  50  feet  long,  9  feet 
high,  and  is  constructed  of  timber.  One  30-inch  homemade  bucket 
wheel  develops  the  power  (estimated  at  6  horsepower)  to  run  a  50-saw 
gin  and  a  gristmill.  The  head  varies  from  4  to  6  feet  and  av^erages 
5  feet.  The  stream  flows  the  yenr  round,  and  during  the  ginning 
season  the  plant  is  operated  ten  hours  a  day. 

The  water-power  plant  of  J.  R.  Lee,  at  Lees  Mill,  Newton  County, 

is  on  Caney  Creek  about  9  miles  southeast  of  the  town  of  Newton.     A 

dam  of  timber  and  dirt,  40  feet  long  and  7  feet  high,  was  constructed 

in  1891  aod  serves  to  obtain  a  Yieaid  WxaV^axvis  from  3  to  6  and  aver- 
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iges  5  feet.  Twenty  horsepower  is  developed  })v  one  Davis  wheel,  48 
inches  in  diameter,  which  Ls  used  to  run  a  ^rij>tinill,  a  cotton  gin,  and 
a  sawmill. 

THICKETY  CREEK. 

This  plant,  formerly  owned  by  W.  E.  Gray,  is  in  Newton  County, 
near  Kirbyville,  and  is  located  on  Thickety  Creek.  Full  data  could 
not  be  obtained,  but  it  is  sjiid  that  an  average  head  of  i)  feet  was 
obtained. 

WHITEOAK  CREEK. 

On  Whiteoak  Creek,  Newton  County,  the  sawniill  and  gristmill  of 
J.  T.  Willett  is  openitod  by  two  wheels,  a  ( -rowner  and  a  tub,  under 
a  head  which  varies  from  o  to  0  feet.  A  dirt  dam  5r)0  f(»et  long  and 
5  to  7  feet  high  in)i:K)unds  the  water.  The  stream  has  a  perpetual  flow 
md  the  mill  is  run  seven  hours  a  day.  The  estimat(»d  capacity  is  tSO 
iorsepower. 

EVERETT  CREEK. 

The  mill  of  T.  »!.  (iandy  is  located  in  Jasper  C-ounty,  on  Everett 
3reek,  a  tributiiry  of  Sabine.  A  dam  300  feet  long  produces  a  head 
>f  4^  feet.  A  homemade  wheel  32  inches  in  diameter  is  used  to 
levelop  the  power  that  operates  the  TiO-saw  gin  and  gristmill. 

Fourteen  miles  east  of  Jasper,  on'  Everett  Crec^k,  is  the  gristmill 
^nd  cotton  gin  of  N.  B.  Jones.  The  power  is  generated  hy  on<5  2C-inch 
(taindard  Leffel  turbine,  which  runs  under  an  average  head  of  i)k  feet. 
Che  stream  runs  throughout  the  year,  and  the  power  is  (estimated  at  6 
ioreepower.     The  dam  is  150  feet  long  and  is  constructed  of  dirt. 

SMITH  CREEK. 

G.  W.  Smith's  gin  and  gristmill  is  on  Smith  Creek,  in  Newton 
^unty.  The  mill  is  l)uilt  right  over  the  stream,  anci  the  dam  is  40 
^^pt  long,  with  a  maxinuun  height  of  <>  fe(»t.  Tiu^  i)ower  is  devc^loped 
^a  24- inch  vertical  shaft  homemtule  whei^i,  v/hich  runs  under  a  head 
»f  5  feet. 

KEJ>    iriVKlJ. 

The  watershed  of  Ked  liiv(»r  of  Texas  has  an  area  of  Sl),i)To 
Square  miles,  and  extiMids  into  New  Mexico.  Palo  Duro  and  Terra 
Blanca  creeks  unite  '>mil(\seast  of  Can  von  City,  in  Randall  County,  and 
form  the  Palo  Duro  Canyon,  known  al.M)  as  the  J^rairie  Dog  Fork  of 
Bed  Kiver  (old  Indian  name,  Ke-ch(»-ah-(iui-ho-no).  Palo  Duro  CnM^k 
nins  continually  from  a  point  '20  miles  west  of  Canyon  CMty  to  its 
jancCion  with  the  Term  Blanca.  The  latter  has  a  continuous  How  at 
Hereford  and  from  there  to  its  junction  with  tiie  Palo  Duro.  The  upper 
part  of  Bed  Biver,  in  Randall  and  Armstrong  counties,  is  universally 
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referred  to  as  Vklo  Daro  CSMiyon,  while  the  part  near  the  croiaiif 
of  the  Fort  Worth  and  Denver  Railroad  is  referred  to  as  Bed  BiveCi 
There  is  no  definite  point  ^vhere  one  ceases  to  apply  and  the  ollwr 
begins.  At  best  it  can  be  said  tiiat  the  upper  part  of  the  Prairie 
Dog  Fork  is  known  as  Palo  Dnto  Canyon.  In  the  canyon  sectimi  the 
flow  of  the  stream  is  reliable  and  continuous,  but  w^n  the  stream 
strikes  the  sand  the  water  sinks.  Several  small  streams  flow  into  die 
river,  but  their  water  flows  for  a  short  distance  only  after  reachiDf 
the  bed  of  the  river,  and  then  sinks  in  the  sand.  The  fonnatioak 
irregular,  and  holes  of  clear  water  and  shoals  idtemate  in  sucoessioB. 

At  the  crossing  of  the  Fort  Woriii  and  Denver  Railroad  the  river 
bed  is  a  wide  waste  of  white  sand,  across  which  the  railroad  carries  its 
track  on  a  trestle.  The  river  flows  here  about  six  months  of  the  year. 
Heavy  rains  on  the  table-land  or  plains  rush  off  to  the  cMiyone  aad 
the  resulting  floods  have  produced  great  trouble  with  the  railroad 
bridge.  Near  the  one  hundredth  meridian  the  river  stops  flowinjr  onlj 
in  extremely  dry  years. 

The  North  Fork  of  Bed  jffiiver,  while  much  shorter  in  length,  ba8  a 
much  larger  flow  than  the  South  Fork,  or  Prairfe  Dog  Fork,  and  tiie 
amount  of  water  indicates  that,  ccwtrary  to  legal  dedsicms,  it  is  tbe 
main  fork  of  the  river.  The  two  main  forks  unite  near  tli^  ninefy* 
ninth  meridian.  Legally,  it  has  been  decided  by  the  courts  that  tbe 
South  Fork  is  the  Red  River. 

The  drainage  area  of  the  Salt  Fork  of  Red  River  extends  into  Carson 
and  Armstrong  counties  in  the  Panhandle,  but  water  is  rarely  found 
in  its  bed.  The  waters  of  this  stream  are  impregnated  with  salt  ''gyp^ 
and  other  alkaline  ingredients. 

The  following  table  shows  the  power  plants  in  the  Red  River  water- 
shed in  Texas: 

Water-ponur  plants  in  Red  River  iratcrshed. 


Owner. 


Post-oftice. 


Pitt*?burg 
Piirlov  -. 


J.  H.  CoiUm 

L.  B.  Branan 

J.  M.  Tx)('kett j  J-.anier 

Moore  &  ^laxey '  Viola 


A.  G.  Strickland 


Sard  is 


Head. 

Fed. 
4 
28 
26 
12 
10 


Horse- 
power. 


12 

18 

/ 

15 
12 


Stream. 


Wheel. 


Cypress '  Turbine. 

Mountain  Creek . .  Do. 

Springs Overshot 

Clear  Creek Turbine. 


Black  Cypress  . 


Do." 


rt  Fifteen  horsepower  steam. 


PEASE  RIVER. 

Pease  River  rises  in  Briscoe  County  and  flows  south  80^  east  to  its 
junction  with  Red  River.  While  it«  drainage  area  is  3,280  square 
wilesj  it  is  only  a  wet-weatVieT  »1t^wxv\  >a\5X.\o\i^  ^^r  it  ceases  to  flow 
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;r  stands  in  holes  at  many  places  in  its  course.  But  little  reliance 
aced  on  its  water,  and  as  a  water-bearing  stream  it  is  not  a  factor 
le  development  of  the  country. 

WICHITA  RIVER. 

^ichita  River  flows  in  a  general  direction  N.  75^  E.  and-  unites 
I  Red  River  in  the  northern  part  of  Clay  County.  It  has  a 
nage  area  of  3,750  square  miles.  At  Wichita  Falls  the  river  rarely 
ver  ceases  to  flow.  On  February  10,  1004,  its  flow  at  the  Fort 
rth  and  Denver  Railroad  bridge  was  only  3  socond-feet.  This  is 
sually  low,  as  no  rain  liad  fallen  at  its  headwaters  for  nearly  a  year, 
impounding  reservoir  has  been  constructed  across  HoUiday  Creek, 
ibutary  of  Wichita  River,  near  Wichita  Falls,  for  irrigation  pur- 
rs', the  lake  thus  formed  being  called  ''Lake  Wichita."  The  dam 
I  miles  long  and  the  lake  has  an  area  of  3,000  acres.  The  water  is 
nded  to  irrigate  3,000  acres  east  of  the  town  of  Wichita  Falls. 

CYPRESS  AND  SULPHUR  RIVERS. 

he  two  most  significant  tributaries  of  Red  River  in  Texas  are  the 
►ress  and  the  Sulphur.  The  Sulphur  has  its  headwaters  in  Faiuiin 
nty,  flows  southeasterly,  forming  the  southern  boundary  of  I^imar, 
River,  and  Bowie  counties,  and  enters  Red  River  about  7  miles 
h  of  the  Louisiana  line.  The  discharge  of  this  river  is  not  con- 
t,  as  the  stream  often  ceases  to  flow.  For  this  reason  there  are 
power  plants  on  the  Sulphur.  Its  drainage  area  in  Texas  is  3,400 
ire  miles.  The  Cypress  (oft<>n  called  the  Big  Cypress)  rises  in 
nklin  County  and  flows  southeasterly  for  about  90  miles  and  enters 
>ress  Bayou  at  J(^ff(»rson,  which  in  turn  empties  into  Red  River. 
3  the  Sulphur,  the  C}  press  often  ceases  to  flow  in  dry  summers 
it  is  little  used  as  a  power  stream. 

he  mill  of  J.  B.  Cotton  is  on  the  Cypress  7  miles  northwest  of 

sburg.     The  dam,  200  feet  long,  was  constructed  of  earth  and  plank 

380.     The  head  varies  from  2  to  .5  feet,  and  the  power  is  g(»nerated 

30-incli  Lett'el  turbine  with  full  opening,  and  is  used  in  operating 

istmill.     It  is  usuallv  run  onlv  three  hours  a  day. 

tie  mill  of  L.  B.  Branan  is  on  Mountain  Creek,  in  Franklin  County. 

head  was  28  fe(^t,  and  the  power  was  generated  l)v  a  lO-inch-lA'tfel 

une.     The  estimated  capacity  was  IS  horsepower.     A  dam  600  feet 

;,  with  a  maxinuun  height  of  12  feet,  impounded  the  water.     It 

conducted  to  the  mill  l)y  a  race  l.SOi)  feet  long,  4  feet  wide,  and  3 

feet  deep.     The  dam  was  washed  away  in  1902. 

I  Cass  Count}',  on  Clear  C-reek,  the  mill  of  iVloore  &  Maxey  is  sit- 

d.     This  plant  includes  a  cotton  gin  and  gristmill.     The  power  is 

doped  by  a  20-inch  turbine  under  a  head  of  12  feet  and  is  estimated 
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at  IS  horsepower.    The  dirt  dam  is  COOfert  hmg  madlSfeet  iugli|i 
the  water  is  led  to  the  mill  by  a  race  800  yards  long^  8  to  12  feetwUi, 
and  2  to  3  feet  deep.    The  inill  is  generally  ran  nine  hoars  a  day. 

J.  M.  Lockett's  plant  in  Oass  County,  6  miles  soath  of  Linden,  eoB- 
sists  of  a  gin  and  gristmill.  The  power  is  developed  by  a  9S4iMit 
ovei'shot  wheel,  and  the  effective  bead  is  slightly  less.  The  damislOO 
feet  long,  15  feet  high,  and  was  boilt  in  1881.  Hie  water  is  led  firao 
the  mill  pond  to  the  mill  by  a  race  one-fourth  of  a  mile  k>ng,  8  feet 
wide  on  bottom,  and  from  8  to  4  feet  deep.  The  mill  is  run  during  the 
ginning  season  all  day  for  five  days  in  the  week.  Tbe  power  is  esti- 
mated at  from  4  to  10  horsepower. 

The  gristmill  of  A.  G.  Strickland  is  on  the  Black  Cypress  in  Oiss 
County,  near  the  Sardis  post-offioe.  The  dam  is  400  feet  long  and  ms 
constructed  of  dirt  in  1852.  The  head  varies  from  8  to  12  feet,  the 
average  being  10  feet  One  24-inch  Kdgeway  turbine  devetope  8 
horsepower.  An  auxiliary  steam  pfamt  of  16  horsepower  is  used.  Tbe 
plant  is  operated  eight  hours  a  day. 

CANABIAK  RIYBS. 

Canadian  River  crosses  the  Ftohandle  of  Texas  in  an  easterly  direc- 
tion. Its  watershed  extends  into  New  Mexico,  but  as  a  stream  it 
practically  rises  in  Texas.  In  extremely  dry  years  no  part  of  the 
river  in  Texas  has  a  continuous  flow.  At  Tascosa  the  river  flows 
about  six  months  in  the  ordinarj^  year  and  at  hijjfhest  stage  is  one-third 
of  a  mile  wide  by  3  feet  maxiinum  depth.  Lower  down  the  river  this 
period  is  increased,  until  at  the  one  hundredth  meridian  it  flows,  on 
an  average,  ten  months  in  the  year.  The  river  bed  is  composed  of  a 
wide,  sand}^  waste,  and  except  for  a  short  period  after  a  rain  the  flow- 
is  confined  to  a  narrow  streamlet,  which  courses  its  ribbon-like  way 
sluggishly  over  the  sand}^  tract. 

PROGKES8  IN  IIYBRAUJ^IC  POWER  DETEJLOPMENT.o 

By  J.  T.  Fanning. 

The  first  great  water-power  development  was  made  in  New  England.  Hydraulic 
mechaniijiiis  in  small  units,  such  as  are  termed  **  current  wheels,*'  were  familiar  to  the 
Chinese  on  the  Yellow  River  and  the  Hamiteson  the  Nile  and  Euphrates  fully  three 
thousand  years  ago.  The  crude  undershot  wheel,  so  long  used,  maintained  its  promi- 
nence until  the  genius  of  John  Smeaton  touched  it,  about  1759,  when  he  showed 
that  the  wheel,  as  then  used,  gave  but  30  to  35  per  cent  of  the  theoretical  power  of 
the  water,  and,  further,  that  if  the  l>ucket  was  resolved  into  the  overshot  form  the 
useful  efficiency  might  be  increased  to  60  per  cent,  and,  later,  that  if  changed  into  the 
high -breast  form  the  useful  efficiency  might  \ye  increased  to  about  70  per  cent  The 
power  that  turned  these  long-armed  current  wheels  was  usually  a  rapid  in  a  river, 
though  sometimes  it  was  the  rush  of  tidal  water  into  or  out  of  an  eetnary.    The  old 

a  From  Euglueciing  Record,  January  3, 1903. 
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tidal  mill  on  Mill  Creek,  in  Boston,  in  Id'H,  was  among  the  earliest  mills  of  the 
American  coloniBts. 

Parallel  with  the  development  of  water  ]x>wer8  of  any  marke<l  magnitude  came 
also  the  development  of  that  embodiment  of  skill  and  inventiveness  known  as  "  mill- 
wright," who  w^as  usually  possessed  of  mt'clianical  skill  and  adaptive  ingenuity,  and 
conld  accomplish  practic*al  results,  sueh  as  the  needs  of  the  early  times  denian<le<l. 
The  millwright  saw  that  the  Imeket  wheels  on  horizontal  shafts  were  well  adaptcil 
to  operate  vertical  sawr*,  for  they  could  give  to  the  saw  frames  their  vertical  motions 
when  conneeteil  by  pitmans  to  <'ranks  on  the  horizontal  wheel  shafts.  Thus  was 
evolved  the  typical  Americran  sawmill  that  has  l)een  universidly  adox>te<l,  and  even 
now  not  wholly  displaced  by  the  band-saw  mill.  Millstones  that  ground  the  corn 
operated  best  when  run  horizontally  on  a  vertical  shaft.  A  Ih*vcI  gear  at  first  changed 
the  revolving  motion  of  the  horizontal  to  that  of  the  vcTtical  shaft.  The  ingenious 
colonial  millwright  then  conceive<l  that  if  he  nuule  his  ])ucket  wheel  short  h«  could 
set  its  shaft  on  end  verticallv,  and  construct  the  water  cluites  so  that  the  water  would 
impinge  on  the  buckets  or  ]uiddles  at  on(;  side.  The  running  stone  was  then  attached 
to  the  upper  ])art  of  this  vertical  shaft  and  a  sim)>le  and  useful  corn  mill  was  the 
result. 

This  was  a  pronounce<l  step  forward  in  the  millwright's  vocation  and  pnxluccd 
the  typical  New  England  gristmill.  Many  modifications  of  tliis  water  wheel  then  fol- 
lowefl,  in  which  the  paddles,  at  first  radial,  were  nuccessively  inclined  from  the  nidial 
line,  or  curvecl,  or  made  spoon  shape<l.  Then  a  small  arc  of  tlui  <*ircnmference  of 
the  wheel  was  inclose<l  to  cf>nfine  the  water  closer  to  the  nulial  buckets,  and  vanes 
were  placed  to  guide  the  water  against  a  greater  numl)er  of  buckets.  These  radial 
buckets  Btoo<l  generally  in  vertical  ])laues  parallel  with  the  shaft.  The  fertile  bniin 
of  the  millwright  then  conceivtMl  the  idea  of  inclining  the  j>addles  around  the  cir- 
camference  of  his  water  whetO,  so  that  while  still  substantiallv  nidial  thev  Wi^jv 
atan  angle  of  about  40°  from  the  vertical,  and  the  water  was  made  to  impinge 
on  the  buckets  from  alx)ve  and  pass  vertically  thmugh  them  inst^'ad  of  horizontally, 
as  heretofore.  Crude  water  wheels  having  characteristics  sinnlar  to  the  above*  seem 
to  have  been  previously  devised  by  several  i)eoples  when  they  ha<.l  mad«^  the 
advance  toward  permanent  village  domestication. 

As  early  as  1804  buckets  were  fitte<l  spirally  within  a  wooden  cylin<ler  attacluMl  to 
a  vertical  shaft,  and  the  flow  of  the  water  was  downward  throuj^h  these  curved 
backets.  This  last  wheel  was  a  meritorious  invention,  and  wjls  a  progenitor  of  par- 
allel-flow turbines.  I-ater,  vanes  were  applie<l  to  this  wheel  to  guide  tlie  water  into 
several  buckets  at  the  same  time,  and  still  later  a  sjjnare  or  cylindrit-al  fiume  cov- 
ered all  these  vanes  ami  supplied  the  water  to  all  the  l)U<"kets  at  tlie  samc^  time.  As 
early  as  1819,  on  the  Susquehanna  River,  water  wlu»t»ls  were  in  use  having  vei-tical 
ahafts  and  horizontal  wheels,  each  with  a  row  of  ])uckets  on  its  circumference  whit'h 
discharged  the  water  horizontally  and  outwardly,  constituting  reaction  turbines. 
Around  the  shafts  of  these  wheels  ami  within  the  line  <»f  buckets  was  a  <-yIindrical 
Wooden  flume  that  supplitMl  the  water  to  tlui  whei'l  buckets  through  aj>ertures  in  its 
circumference  adjacent  to  the  Ijottom  of  the  cylin<ler.  The  shaft  pa.s<ed  ui>  through 
the  central  flume. 

After  the  passage  of  the  first  LTnited  States  patent  laws,  in  17iH),  various  turbine 
(Resigns  began  to  Ix^  filed  in  the  ]>ublic  archivts,  showing  occasionally  a  new  fun«lamen- 
tal  idea,  and  then  numerous  improvements  of  <letail  based  tliereon:  but  new  tyjjc 
inventions  have  been  nire  ami  are  still  few  in  numl>er.  The  details  of  the  best  types  of 
ttirbines  have,  however,  lx»en  gradually  ])r(;ught  to  most  excellent  mechanicjd  perfeo 
tion.  Previous  to  the  year  1820  the  millwriglits  of  America  were  rarely  well  verse<l 
*n  mathematics  and  were  rarely  te<'hnical  exi)erts.  Their  new  turbine-whet^l  <lesigns 
^^erenot  based  on  detailed  mathematical  analyses  and  were  not  descrilied  before 
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the  Faibmi  Office  toBlify  to  the  mariced  natural  aUlities  of  the  early  mill  wi!|^it& 

Abroad  SmeaUm  gave  'valuable  mathematical  analyee  of  the  under  and  over  did 
wheels  before  the  Boyal  Society;  Fdrbaim  and  Bennie  made  them  in  iion  and 
improved  thmn  by  introdndng  ventilated  bncketo;  IC  Morin  and  M.  BoooeM  teslsd 
with  dynamometen  and  analysed  the  mechanics  oi  the  downward  and  ontwaid  flow 
water  wheels,  tenned  in  Fianoe  *' Jonval "  and  "Fonmeyron"  tnrbinesi  and  -|its- 
sented  the  rssnlts  to  the  Academy  ol  Scienoeat  Pisris;  James  Thomson  analysed  the 
inward  flow  or '' Tortex '' turbines  and4escribed  them  before  the  British  AamciatiQB, 
and  Whitelaw  gave  thearmsof  the  reaction  or  '^Bailcer-Mill"  daas  their  Aidbi- 
medean  curve.    In  America  Elwood  Morris^  a  cultoied  eni^newy  took  up  tiie  tseh- 
nical  examination  of  the  elements  of  turbine  water  whe^  and  then  Uriah  Bc^ydeSi 
at  first  a  stxidious  blacksmith  and  ingenious  mechanic,  and  later  also  a  laUway  sod 
hydraulic  engineer  and  scientist,  improved  the  outward-flow  turlane.    Boyden»  bf 
means  of  his  skillful  design  and  skillful  workmanship,  produced  the  most  effident 
turlnne  then  known,  and  by  the  year  1844  had  given  it  standing  as  the  leading  t^pe 
of  turbine  water  wheeL  ' 

In  the  further  teclmical  and  mechanical  perfection  of  turt^ne  wheels  and  in  their 
introduction  for  the  driving  of  large  cotton  miUs  James  B.  Francis  exerted  an  im|Nr> 
tant  influence.  Flarall^  with  this  improvwn^it  of  outward-flow  turbines  wenttbe 
improvement  of  inward-flow  turbines,  especially  the  scroll  wheds,  whidi  for  a  tisie. 
up  to  1800,  outranked  all  otheis  in  numbers  lor  small  water  pow^s.  In  1859  A.  M. 
Swain  introduced  a  combined  inward  and  downward  flow  turbine  whidi  was  remarl^- 
ably  efficient  and  which  has  influenced  the  deeign  of  most  of  the  best  turbines  ssb- 
sequently  introduced.  The  primitive  water  wheds  with  vertical  dialt  that  pteeeded 
the  Boyden  and  improved  scroll  wheels  were  generally  of  wooden  oonstraction.  Wing 
dams  and  short  canals  or  flumes  generally  le<l  the  waters  from  the  streams  and  gave 
the  available  fall  of  water  upon  the  wheels.  Such  typical  constructions  indicate  the 
state  of  practical  hydraulics  and  millwrijrhting  up  to  the  war  of  1812,  when  about 
1,000  small  water  powers  were  sawing  the  lumber  and  grinding  the  com  of  the  settle- 
ments along  the  Atlantic  coast.  From  1815  to  1820  was  a  period  of  severe  commer- 
cial depression,  following  the  war. 

In  1821  there  came  brighter  prospects  and  an  industrial  revival.  Until  then  the 
wives  were  spinning  the  wool  and  cotton  yarns  in  their  houses,  but  an  experimental 
mill  had  been  built  on  a  Charles  River  water  power  that  successfully  spun  cotton 
into  yani  and  wove  the  yarn  into  cloth.  The  textile  industry  was  destined  to  expand 
rapidly  and  the  water  power  of  the  streams  was  its  supporting  ally.  Under  this 
influence  the  first  great  water  power  was  developed  on  the  Merrimac  River  in  1822, 
where  subsequently  the  city  of  Lowell  l)ecame  a  great  cotton  manufacturing  center. 
Near  Lowell  there  was  soon  developed  the  equally  prominent  water  powers  on  the 
Merrimac  River  at  Manchester,  in  New  Hampshire,  and  Lawrence,  in  Ma88achusett& 
These  developments  had  each  capacities  of  from  10,000  to  12,000  horsepower,  and 
each  was  (chiefly  devoted  to  the  manufacture  of  cotton  goods,  as  were  the  water  pow- 
ers of  Cohoos  (1828),  in  New^  York,  and  Lewiston  (1849),  in  Maine.  The  Connecti- 
cut River  water  jwwer  at  Holyoke  (1848)  was  largely  devoted  to  the  manufacture  of 
paper,  as,  later,  were  the  Fox  River  powers  in  Wisconsin.  The  water  powers  on  the 
Genest^e  River  at  Rochester,  N.  Y.  (1856),  and  on  the  Mississippi  River  at  Minne- 
apolis (1857),  were  largely  devoted  to  the  manufacture  of  flour. 

The  pioneer  large  water  power  at  Lowell  was  laid  out  with  a  system  of  canals  with 

moderate  fall  from  one  to  the  other,  and  then  to  the  river  below  the  Mis.    The 

powers  at  Manchester  and  Holyoke  had  similar  systems  of  parallel  canals.    These 

were  typical  examples  of  the  early  developments  of  powers  for  the  cotton  and  paper 

induatries.    These  powers  were  epedaU'y  vidapted  to  the  use  of  the  overshot  or  high- 
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east  water  wheels,  which,  constructed  largely  of  wood,  were  long  and  high  and 
cupied  much  valuable  room,  but  maintained  their  prestige  for  large  powers  until 
41. 

The  new  Boyden  turbine  of  1844  showed,  on  test  at  the  Appleton  Company's  cot- 
n  mill  in  I^owell,  an  efficiency  exceeding  80  per  cent.  This  result  closed  the  era 
overshot  water  wheels  in  America  and  fully  opened  the  era  of  the  turbine  water 
leel  in  iron  construction  and  with  rapid  revolutions.  This  result  closed  also  the 
a  of  parallel  canals,  or  subdivided  head  developments  of  water  powers.  A  com- 
titive  trial  in  1860,  at  the  Fairmount  Works,  by  order  of  the  council  of  the  city  of 
liladelphia,  gave  an  impetus  to  the  improvement  of  the  design  and  workmanship 
turbine  water  wheels;  and  the  competitive  testa  at  the  Centennial  Exposition  in 
liladelphia,  in  1876,  further  stimulated  along  the  same  line  and  at  the  same  time 
tired  into  oblivion  forms  of  wheels  that  were  not  in  accordance  with  the  true 
eories  of  design. 

The  attachment  of  riveted  metal  draft  tubes  l^elow  the  running  wheels  was  a  con- 
icuous  improvement  leading  to  the  excellent  moilern  water  wheels.  The  dyna- 
ameter  test  of  turbines  at  Lowell,  and  later  the  testing  flume  experiments  at 
olyoke,  were  i)owerful  factors  in  placing  the  design  of  turbines  on  sound  scientific 

tSCOm 

The  evolution  of  the  turbine  that  had  le<l  up  to  the  iron  bucket  wheel  in  a  water- 
:ht  iron  case  and  with  an  iron  feeder  pipe  ma<le  ])ossi))le  the  easy  developments  of 
iter  powers  with  high  heads.  The  high  water  falls  and  canyons  in  limestone 
rmations  gave  opportunities  for  a  high  head  tyi)e  of  jwwer.  The  Genesee  Falls, 
Rochester,  N.  Y.,  present  an  example  which  dates  from  1857.  These  turbine 
leels  were  opemte<l  under  heads  of  90  feet,  and,  in  consequence  of  the  large  aggre- 
te  of  power  developed  then*,  Rochester  liecame  a  note<i  flour  manufacturing  center 
fore  the  wheat  belt  had  traveled  westward  into  Minnesota  and  Dakota.  The  old 
^draulic  canal  power  at  Niagara  village  and  one  at  Montmorency,  near  Quebec,  are 
her  examples  of  this  type,  and  many  others  might  be  cited. 

Another  type  of  high-fall  development  is  that  of  the  Willamette  Falls,  near 
)rtland,  Greg.,  where  each  turbine  and  its  electrical  generators  revolve  horizon- 
Uy  on  the  same  tall  vertical  shaft.  The  modem  Niagara  power  plants  are  of  this 
pe.  The  water  power  on  the  Mississippi  River  at  St  Anthony  Falls  presents 
lother  type  of  development.  The  head  at  the  upi)er  falls  is  about  48  feet.  The 
d  of  the  river  at  the  crest  of  the  fall  is  a  stratum  of  blue  limestone  about  12  feet 
ick.  This  limestone  rests  upon  soft  sandstone  termed  '*St.  Peter  sand  rock.**  The 
wer  had  its  first  large  development  in  1857  for  operating  several  large  sawmills. 
le  sawmills  were  foundeil  on  the  limestone  rock  of  the  river  l)ed  upstream  from  the 
est  of  the  falls,  and  their  turbines  were  sunk  through  holes  in  the  lime  rock  to 
beel  pits  in  the  sand  rock  at  the  lower  water  level.  Tunnels  extended  horizon- 
lly  from  below  the  fall,  through  the  sand  rock,  to  the  wheel  pits,  and  discharged 
e  tail  waters  from  the  turbines.  This  tunnel  tailrace  type  of  development  was 
lopted  also  for  the  wheel  pits  of  the  flouring  mills  of  Minneapolis,  that  now  manu- 
cture  80,000  barrels  of  flour  per  week.  This  tunnel  tailrace  system  was  later 
lopted  by  the  Niagara  Falls  Power  Company,  the  Cana<lian  Niagara  Power 
>mpany,  and  the  Ontario  Power  Company. 

The  diversion  type  of  water  powers  presents  examples  of  considerable  magnitude, 
le  Penobscot  River  is,  in  part,  diverted  from  its  course  at  the  head  of  a  series  of 
pids  and  turned  nearly  at  right  angles  into  the  Millinocket.  The  latter  stream  is 
branch  of  the  Penobscot,  and  near  the  confluence  flows  parallel  with  the  main 
-eam  in  a  lower  valley.  A  dam  in  the  main  stream  diverts  the  water;  from  the 
uff  of  the  lower  stream  the  water  is  conveyed  in  flumes  and  penstoc^ks  to  the  tur- 
oe-wheei  pit  with  a  head  of  about  1 10  feet,  and  there  gives  power  to  operate  a  pulp 
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and  paper  mill  with  a  capacity  to  produce  daily  200  tons  of  newspaper.  A  weond 
example  is  the  diversion  of  the  St.  Lawrence  River,  in  part,  from  the  head  (rf  the 
Ixjng  Sault  Rapid  to  the  Grasse  River  near  Massena,  in  New  York  State,  with  a  head 
of  .'i5  feet  This  last  diversion  canal  is  large,  giving  possibility  of  a  g?eat  water 
power. 

The  special  mechanii^l  improvement  that  more  than  all  others  hgg  opened  the 
|M)ssibilities  of  the  prominent  recent  water-power  constnictions  has  Iven  the  perier- 
tion  of  double  wheels  on  horizontal  shaftj  with  a  draft  tube  common  to  earh  pairo( 
water  wheels.  The  germ  of  this,  but  in  crude  form,  is  seen  in  the  Parker  Brotberr 
patent  in  1829.  Now  one,  two,  and  three  pairs  of  turbine  w^heels  are  placed  on  the 
Hanie  shaft  in  oi)en  flumes,  as  at  the  Minneapolis,  on  the  Mississippi,  or  in  a  cylindrical 
steel  flumo  for  higher  heads,  as  at  the  Helena  plant,  on  the  Missouri  River;  and  their 
conil)ine<l  |x>wers,  aggn^ting  1,000  to  6,000  horsepower  per  shaft  unit,  aredrinDg 
larjje  electrical  generators,  which  transmit  the  power  electrically  to  work  10,  50,  anii 
even  more  than  100  miles  away  from  the  water-power  source  of  energy.  J 

The  pairs  of  horizontal  turbines,  in  steel  cases  and  having  8t<?el  iH»nstock9,  make 
IK>s8ible  a  further  development  of  the  high-head  powers  which  are  con.^picuoa"  in 
our  mountain  States,  as  in  Ogiien,  Utah,  where  the  mountain  streiim  high  up  in  the 
canyon  is  gathered  in  a  flume  and  wood  stave  pipe  of  6  feet  diameter  and  contour«»i 
along  the  hillside  to  the  canyon's  outlet,  and  then  is  drop])e<i  in  a  steel  penrtock 
with  446  feet  effective  head  to  the  turbines  and  electrical  generators.  Another 
example  is  the  Bay  Counties  Power,  in  California,  that  has  its  waters  similarly 
gathered  from  the  melting  snows  and  contoured  along  the  rocky  8tee|)6  to  where 
they  can  l>e  dropped  700  feet  to  turbines  driving  generators  of  large  capacities. 
These  are  examples  of  water  powers  generated  for  long-distance  electrical  di?tribo- 
tion,  and  in  the  second  the  electrical  current  is  sent  more  than  200  miles  down  ttit^ 
SacraiiuMito  N'alli'V  to  San  Francisco  and  other  cities  Ix'vond,  and  nrarlv  1<VI  m  r- 
lip  the  valley.  A  form  of  impulse  water  wheel,  known  in  type  three  ccnturit- a.*' 
has  recently  Ijccn  improved  to  remarkable  eiliciency  and  a<loj)ted  by  several  nu.n;- 
facturers  for  use  in  connection  with  jet  streams  from  these  high-head  water  I'l.w-r? 
for  lar^e  i>ower  units. 

The  increasing  use  and  value  of  power  is  bringing  into  prominence  that  tyi"  i 
water-])ower  development  that  includes  the  conservation  of  the  flow  of  the  stnarui- 
its  relation  to  its  whoh^  watershed.  An  exainj>le  on  a  moderate  scale  is  the  M;is-al-'Mi 
Lake  ]>ower,  that  i>um])s  the  water  suj)ply  for  the  city  of  Manchester,  N.  H.  In  thi- 
cit'^e  the  «lam  was  built  on  the  stream  a  quarter  of  a  mile  below  the  natural  ••utitt, 
and  the  dam  was  hi^rh  enough  to  How  tlu^  lake  and  (;ontrol  nearly  the  entire  llow*! 
its  watershed.  Another  exam])le  is  the  Helena  power,  previously  mentioned,  wlien- 
a  hi'rh  <lam  creates  a  natural  lake  of  sufficient  area  to  conserve  the  twentv-foiir-l-j^'ir 
summer  tlow  of  the  Missouri  River  so  that  the  power  of  its  entire  daily  tlow  ni:iy  W 
converte<l  into  electrical  current  during  ten  hours  of  each  day  and  transn»itted  roilir 
taut  ore  mining  and  smelting  operations. 

The  most  conspicuous  t'xam]>leof  this  class  is  the  recent  power  development  at  Smili 
8te.  Marie,  where  a  broad  canal,  nearly  2h  miles  long,  leads  the  waters  of  Lakt'.**.l<- 
rior  from  its  natural  outlet,  parallel  with  the  rapids,  to  a  power  hou^<^  mic-i'^nrt'i 
mile  in  length.  Controlling  dams  and  sluices  at  the  outlet  of  the  lake  havt-  f..r  tin'  r 
purpose  the  conservation  of  the  water  from  the  watershed  of  82,552  s(iuare  iiiiicsarta. 
and  making  Lake  Superior,  of  3.'^, 000  scpiare  miles  area,  a  magnificent  mill  JM)n(i,^^ith 
its  terminal  wheel  pits  constructed  for  the  development  of  48,(XK)  net  horse{Knvcr. 

In  Lowell,  the  first  great  water-power  industrial  city,  the  10,0<X^  horse|>owcr  «»f  the 

Merrimac  River  was  necessarily  used  within  the  Iimite<larea  to  which  the  shafts  ami 

belt^  couhl  transmit  the  energy  from  the  turhines,  and  the  power  was  necesstirily  snl>- 

dividvd  among  many  power  hovi^vi^  V>vica\\*v  <.\(  the  limiting  conditions  of  its  u?<'and 
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its  type  of  development  Through  the  evolution  in  power  types  leading  up  to  the 
great  modem  developments,  as  of  100,000  hor!?e|)ower  connected  with  one  tailrace  at 
Niagara,  it  has  now  become  possible  to  concentrate  pow^ers  aggregating  ten  times  that 
of  either  of  the  formerly  famous  Merrimac  River  powers,  where  the  respective  sub- 
divided utilizations  reiiuired  each  a  mile  of  canal  for  their  many  nmall  units. 

The  conspicnious  achievement  along  hydraulic  lines  of  the  i)re$ent  generation  is 
the  development  and  utilization  of  40,000  to  100,000  horseiwwer  in  singlc^powcr 
stations,  with  4,000  to  0,(XX)  horsepower  unitn,  l)y  which  great  aggregates  of  energy 
are  first  so  concentrateil  that  they  may  then  l>e  (^mvcniently  distribute<l  over  a  very 
broad  field  to  varied  industries  and  may  throughout  the  whole  field  perform  pnu'ti- 
cal  works  of  great  usefulness. 

APPKXDIX. 

On  October  5,  1904,  the  highest  flood  ever  known  on  Pecos  River 
near  Pecos  washed  away  the  flume  of  the  Barstow  Irri^tiou  Company 
(shown  in  PI.  Ill),  broke  its  main  hit(>ral  in  38  phices,  and  inundated 
much  of  the  land  under  its  ditch.  A  hasty  estimate  places  the  damage 
to  the  flume  and  laterals  at  §3r>,(M)().  In  this  flood  the  river  rose  to 
within  2  inches  of  the  bridge  of  the  Texas  and  Pac^iflc  Railway  and 
was  3  miles  wide  along  its  tmcks. 
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Wo«>d  &  McCall.  plant  In  charjje  of__  >*6.  !♦<' 
Woodtown.     Tex.,     dam     and     plant 

near '.m 

\V<M)dville.  Tex.,  dam  and  plant  near.  S7.  02 
Woolen    mills,   adaptation    of   water 

power  to l"t 

Wyatt.  .1.  J.,  mill  of 2- 

Y. 

Youn;r.  .T.  N..  dam  and  plant  of S7. '.»2 


Z. 


ZtHller.  F..  dara  and  plant  of 


40 


o 


or  beim  the  die  tort  .tamped  below  ^    ^ 


*i  7  Z  ^W 


■  ■■*  ' 

'     i 


t     '      ' 


/  ;-7^ 


/ 
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